BOARD MEETING DATE: September 7, 2012 AGENDA NO. 32

PROPOSAL.:

SYNOPSIS:

COMMITTEE:

Amend Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled
Engines

Consistent with staff’s Technology Assessment findings, the
proposed amendments would re-establish the previously adopted
emission limits for biogas-powered internal combustion engines.
The proposed amendment would provide additional time for
compliance; a compliance option for a longer averaging time for
engines with superior performance in achieving lower mass
emissions; a compliance option that further extends the effective
dates for certain engines based on a compliance flexibility fee; and
include other clarifications.

Stationary Source, April 20, May 18, and June 15, 2012

RECOMMENDED ACTIONS:

Adopt the attached resolution:

1. Receiving and filing the Technology Assessment Report;

2. Certifying the CEQA Addendum to the 2008 Final Environmental Assessment; and
3. Amending Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled Engines.

LT:JC:GQ:KO

Barry R. Wallerstein, D.Env.
Executive Officer




Background

Rule 1110.2 establishes emission limits of NOx, VOC, and CO for stationary, non-
emergency gaseous- and liquid-fueled engines, including the 55 engines in this source
category, that are fueled by landfill or digester gas (biogas). Biogas, a by-product of
municipal wastewater treatment and landfill operations, is considered a renewable
energy source and is often combusted as fuel in biogas engines to produce power for
onsite and/or offsite use. While they are one of several technologies available to
harness power from biogas, the power produced by biogas engines has a very
undesirable emissions footprint. The emission limits for new biogas engines are the
highest of all engines, even higher than diesel engines with BACT and on a per unit of
power produced (per Megawatt-hour, MW-hr) basis, biogas engine emissions are
significantly higher than those from central power plants (as much as 55 times).
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Figure 1. Emissions from Biogas ICEs versus Central Power Plants

Rule 1110.2 was amended on February 1, 2008 to lower the emission limits of natural
gas and biogas engines to BACT levels for NOx and VOC and to levels close to BACT
for CO. The limits for natural gas engines at or above 500 bhp took effect on July 1,
2010, while those for natural gas engines below 500 bhp took effect on July 1, 2011.
Biogas engines were given until July 1, 2012 to comply with the new limits.

The amendment and adopting resolutions of Rule 1110.2 in February 2008 directed staff
to conduct a Technology Assessment to address the availability, feasibility, cost-
effectiveness, compliance schedule, and global warming gas impacts of biogas engine
control technologies and report back to the Governing Board no later than July 2010.
Immediately after the 2008 amendment, staff began work on the Technology
Assessment and followed the progress of several technology demonstration projects.

2-



In July 2010, the Governing Board received and filed an Interim Technology
Assessment by staff, which summarized the biogas cleanup and biogas engine control
technologies to date and the status of on-going demonstration projects. Due to the
delays caused by the permit moratorium in 2009, the release of another report was
recommended upon the completion of these projects. The Interim Technology
Assessment concluded that feasible, cost-effective technology that could support the
feasibility of the July 2012 emission limits was available, but that the delay in the
demonstration projects would likely necessitate an adjustment to the July 1, 2012
compliance date of Rule 1110.2.

The Final Technology Assessment attached to the staff report summarizes staff’s
findings to date regarding the feasibility of the biogas engine emission limits. Data
collected from a completed demonstration project at Orange County Sanitation District
(OCSD) and from the Ox Mountain landfill project in the Bay Area provides substantial
evidence in support of the proposed emission limits for biogas engines with the use of
oxidation catalysts and selective catalytic reduction (SCR) with biogas cleanup. The
technology demonstration projects have shown that technology is available that can
achieve significant reductions in NOx, VOC, and CO. In addition to feasibility, the
Final Technology Assessment also includes information on cost-effectiveness,
compliance schedule, global warming impacts, and the impacts of potential flaring, as
well as other technologies that can provide facility operators with viable alternatives for
meeting the proposed amendment’s compliance requirements.

Public Process

The Biogas Technology Advisory Committee was formed to assist staff with its
technology assessment efforts for biogas engines. Since the 2008 amendment, staff has
held nine Biogas Technology Advisory Committee meetings with representatives from
affected facilities, manufacturers, consultants and other interested parties. In October
2010 staff met with the regulated community to discuss cost issues related to the
emission standard adopted as part of the 2008 amendment. Since the July 2010 Interim
Report, the Biogas Technology Advisory Committee met in September 2011, January
2012, April 2012, May 2012, and August 2012. Two Public Workshops were held on
February 2012 and April 2012. Staff also has had numerous meetings with control
equipment vendors and also manufacturers of emerging technologies that may provide
an alternative to electrical power generation by traditional internal combustion methods.
In addition, staff has met individually with nearly every biogas facility operator to
discuss site-specific issues, technologies, long-term plans for existing biogas engines,
and costs. Several site visits were also conducted by staff at the affected facilities.



Affected Facilities

Rule 1110.2 applies to stationary and portable reciprocating internal combustion
engines (ICEs) over 50 brake horsepower (bhp). PAR 1110.2 affects the subset that
contains engines fueled with biogas, which are those that are operated at landfills and
wastewater treatment plants. There are currently 55 biogas engines operating in the
Basin. Of these engines, 27 are digester gas-fueled and 28 are landfill gas-fueled.
These engines are operated by 13 independent operators at 22 locations.

Proposed Amendments
The key proposed amendments can be summarized as follows:

e Extend the effective date of the previously adopted 2012 limits by three and a
half years. The new effective date will be January 1, 2016 for all biogas engines.
Operators that achieve early compliance by Januaryl, 2015 will receive a refund
of the biogas engine application permit fees.

e Provide a compliance option with a longer averaging time (monthly averaging
the first 4 months of engine operation with 24-hour averaging thereafter) to
engine operators that can demonstrate through continuous emission monitoring
systems (CEMS) data emission levels at least 10 percent lower than allowable
under the rule’s proposed concentration limits.

e Provide an alternate compliance option to give private operators under long term
fixed price power purchase agreements entered into prior to the February 1, 2008
amendments and extending beyond the January 1, 2016 compliance date
additional time (up to two years beyond the compliance date) to comply with the
emission limits with the payment of a compliance flexibility fee.

e Minor administrative changes and clarifications

Emission Reductions and Cost Effectiveness

The proposed amendments will result in up to 74% emission reductions on an aggregate
basis. The emission reductions are estimated at 334 tons per year of NOx (0.9 tons per
day), 178 tons per year of VOC (0.5 tons per day), and 7,302 tons per year of CO (20.0
tons per day). The reductions will occur in two steps. The bulk of the reductions are
expected to occur during the first step and no later than January 1, 2016, while the
remainder of the reductions will occur one to two years later when remaining biogas
engines operating under the alternate compliance option all comply with the rule limits.

Using the District model, the cost effectiveness is estimated to range from $1,700 to
$3,500 per ton of NOx, VOC, and CO/7 reduced. Staff also calculated cost
effectiveness to account for additional contingencies, based on stakeholder feedback.
With the additional contingencies, the cost effectiveness would range from $2,600 to



$5,900 per ton. All of the cost effectiveness estimates are within the range of estimates
considered by the Governing Board as part of past rulemakings.
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Key Issues

1. Time for Implementation. Stakeholders are requesting five years or an

effective date of July 1, 2017 to properly plan, design, purchase, install the
control equipment, and comply with the requirements of the rule.

Response: The current compliance schedule, as proposed, gives operators
three and a half years for compliance, which is already one and a half
years longer than what is typically offered to other regulated entities
subject to similar control requirements and what was offered as part of the
2008 amendments. This extended schedule provides reasonable
additional time for the completion of on-going projects and the
stakeholders’ decision making process for selecting the right control
technology for their site. For those facilities that entered into long term
power purchase agreements prior to the February 1, 2008 amendments
and, arguably, unaware of the upcoming 2008 amendments, an alternate
compliance option will make it possible to defer compliance up to two
years from the effective date with the payment of a compliance flexibility
fee, provided such contracts don’t expire prior to the January 1, 2016
effective date.

Cost of Compliance. Stakeholders have commented that the capital and
operating costs for cleaning up the biogas are very high and post-
combustion control technologies such as Catalytic Oxidation and
Selective Catalytic Reduction (SCR) are expensive to install and operate
and argued that many of them will resort to flaring as a less costly
alternative.

Response: Although there are significant costs involved with installing
and operating the equipment, the environmental benefits are significant
and, therefore, very cost effective. Given the state of air quality in the
South Coast Air Basin and the size of the “black box,” or Section
182(c)(5), emission reductions needed to meet the ambient air quality
standards, it is not only reasonable, but also necessary, to rely on the
reductions to be achieved with the proposed amendments. Staff has also
analyzed extensively the potential impacts of flaring. While staff
acknowledges that flaring of a renewable energy source is undesirable,
biogas flaring, except for a small Greenhouse Gas disbenefit, has a much
lower criteria pollutant footprint compared to that from biogas engines,
even if one accounts for the power that needs to be generated by central
power plants.



AQMP and Legal Mandates

The California Health and Safety Code requires the AQMD to adopt an Air Quality
Management Plan to meet state and federal ambient air quality standards and adopt
rules and regulations that carry out the objectives of the AQMP. The proposed
amendments of Rule 1110.2 will provide additional reductions that will aid in attaining
more stringent federal ozone and particulate matter standards. Reductions in NOx will
help in attaining the federal 24-hour and annual average PM, s standard by 2014 and
2015, while reductions in NOx and VOC will aid in attaining the ozone standard in
2023.

California Environmental Quality Act (CEQA) Analysis

Pursuant to the California Environmental Quality Act (CEQA) and AQMD Rule 110,
SCAQMD staff has reviewed PAR 1110.2 to identify the appropriate CEQA document
for evaluating potential adverse environmental impacts. Because the proposed project
consists of changes to a previously approved project evaluated in a certified CEQA
document and none of the conditions described in CEQA Guidelines §15162 calling for
preparation of a subsequent CEQA document would occur, staff has concluded that an
Addendum to the December 2007 Final Environmental Assessment: Proposed
Amended Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled Internal
Combustion Engines (ICEs), prepared pursuant to CEQA Guidelines §15164, is the
appropriate CEQA document for the proposed project. Pursuant to CEQA Guidelines
815164(c) an addendum need not be circulated for public review.

Socioeconomic Analysis

PAR 1110.2 would re-establish the concentration limits for biogas-fired engines at a
later date, that is from 2012 to 2016. Furthermore, the universe of affected biogas-fired
engines by PAR 1110.2 is currently at 55 engines, reduced from 65 engines evaluated as
part of the 2008 amendments, which is a reduction of 14 percent of the total brake
horsepower.

The technologies for complying with the concentration limits have remained the same
since 2008 and costs of these technologies have stayed relatively constant. The
additional time for compliance and fewer affected engines would result in fewer costs to
the affected universe as a whole, compared to what was analyzed as part of the 2008
amendments. Therefore, given the fact that there are fewer engines to control and the
control costs remained relatively constant compared to what was evaluated as part of the
Socioeconomic Assessment conducted for the 2008 amendments to Rule 1110.2, the
findings and conclusions of that analysis remain valid for this proposed amendment as
well.

Resource Impacts
Existing staff resources are adequate to implement the proposed amendments.
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ATTACHMENT A

SUMMARY OF PROPOSAL

Proposed Amended Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled
Engines

Re-establish the effectiveness of the previously adopted 2012 limits for biogas engines of
11 ppmv NOx, 30 ppmv VOC, and 250 ppmv CO, each corrected to 15% O2 on a dry basis.
Allow operators three and a half more years to comply with the emission limits. The new
effective date will be July 1, 2016 for all biogas engines.

Biogas engines achieving early compliance by January 1, 2015 will have their permit
application fees refunded.

Provide a compliance option with a longer averaging time to engine operators that can
demonstrate through continuous emissions monitoring system (CEMS) data emission levels
at least 10 percent lower than allowable under the rule’s proposed concentration limits over
a four month period. An operator may utilize a monthly averaging time for the first 4
months of engine operation and up to a 24 hour averaging time thereafter.

Provide a compliance option where engine operators that have entered into long term fixed
price power purchase agreements before February 1, 2008 and extending beyond January 1,
2016 will receive additional time to comply (up to two years beyond January 1, 2016) with
the payment of a compliance flexibility fee of $47/bhp-yr.

CEMS data procedures: not including zero data in averaging and using substitute data
when NOx and/or CO emissions data have not been collected and do not meet the
requirements of Rules 218 and 218.1.

Rule clarification for allowing oxygen set point adjustments for maintaining compliance
without returning to a more frequent portable analyzer testing schedule.

Rule clarification for allowing a shutdown exemption period not lasting more than 30
minutes.

Clarification in Staff Report allowing the temporary removal of a catalyst during the four-
hour exemption period following an engine overhaul or major repair requiring removal of a
cylinder head.

Clarification in Staff Report allowing source tests in lieu of portable analyzer checks in the
event a scheduled portable analyzer emissions check occurs during the same monitoring
period as a regularly scheduled source test.

Minor administrative changes to provide clarity with respect to references within the rule.




ATTACHMENT B

RULE DEVELOPMENT PROCESS

Proposed Amended Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled
Engines

Proposed Amended Rule 1110.2 Initial Rule Development
June 2011

A\ 4

Biogas Technology Advisory Committee Meeting
September 21, 2011
January 10, 2012

v

Public Workshop (2,105 Notices mailed)
February 23, 2012

'

Biogas Technology Advisory Committee Meeting/
Public Workshop (2,105 Notices mailed)
April 4, 2012

v

Stationary Source Committee Meeting
April 20, 2012

v

Biogas Technology Advisory Committee Meeting
May 16, 2012

v

Stationary Source Committee Meeting
May 18, 2012

v

Set Hearing
June 1, 2012

v

Stationary Source Committee Meeting
June 15, 2012

v

Biogas Technology Advisory Committee Meeting
August 8, 2012

v

Public Hearing
September 7, 2012

Total time spent in rule development: 15 months




ATTACHMENT C

KEY CONTACTS LIST

Agency Representatives

Bay Area Air Quality Management District (BAAQMD)

California Air Resources Board (CARB)

California Association of Sanitation Agencies (CASA)

Orange County Waste and Recycling (OCWR)

Southern California Alliance of Publicly Owned Treatment Works (SCAP)
U. S. Environmental Protection Agency (EPA)

Affected Facilities

Brea Parent 2007, LLC

City of Riverside

City of San Bernardino Municipal Water Department
Eastern Municipal Water District (EMWD)

Fortistar

Inland Empire Utilities Agency (IEUA)

J&A Whittier

Los Angeles County Sanitation District (LACSD)
Montauk Energy

Orange County Sanitation District (OCSD)

Riverside County Waste Management Department
South Orange County Wastewater Authority (SOCWA)
Waste Management

Other Interested Parties

Applied Filter Technology
Environ Strategy Consultants, Inc.
ESC Corporation

Flex Energy

Fuel Cell Energy

Johnson Matthey

Miratech Corporation

NOxTech

Sierra Club

Southern California Edison
Southern California Gas Company
Representatives from other companies and other interested individuals




ATTACHMENT D

RESOLUTION NO. -

A Resolution of the South Coast Air Quality Management District
(AQMD) Governing Board Certifying the Addendum to the Final Environmental
Assessment for Proposed Amended Rule 1110.2 — Emissions from Gaseous- and
Liquid-Fueled Internal Combustion Engines.

A Resolution of the AQMD Governing Board amending Rule 1110.2 —
Emissions from Gaseous- and Liquid-Fueled Engines.

WHEREAS, the AQMD Governing Board has determined with certainty
that Proposed Amended Rule 1110.2 is considered a “project” pursuant to the terms of
the California Environmental Quality Act (CEQA); and

WHEREAS, the AQMD has had its regulatory program certified pursuant
to Public Resources Code Section 21080.5 and has conducted CEQA review pursuant to
such program (AQMD Rule 110); and

WHEREAS, the AQMD was the lead agency and prepared the 2007 Final
Environment Assessment (EA) for Proposed Amended Rule 1110.2 — Emissions from
Gaseous- and Liquid-Fueled Internal Combustion Engines (SCAQMD No. 280307JK,
December 2007) for the 2008 Amendments to Rule 1110.2, which was certified on
January 4, 2008; and

WHEREAS, it was concluded that the proposed amendments to Rule
1110.2 would not generate any new significant adverse environmental impacts or make
existing significant adverse impacts identified in the 2007 Final EA Proposed Amended
Rule 1110.2 worse and, therefore, has concluded that an Addendum prepared pursuant to
CEQA Guidelines 816164 is the appropriate CEQA document for the proposed project;
and

WHEREAS, as Lead Agency for Proposed Amended Rule 1110.2 under
CEQA, the AQMD prepared an Addendum to the 2007 Final EA; and

WHEREAS, pursuant to CEQA Guidelines 815164(c), an Addendum need
not be circulated for public review; and



WHEREAS, the AQMD Governing Board voting on Proposed Amended
Rule 1110.2, has reviewed, considered the Addendum to the 2007 Final EA along with
the 2007 Final EA; and

WHEREAS, the AQMD Governing Board finds and determines, taking
into consideration the factors in §(d)(4)(D) of the Governing Board Procedures, that any
modifications adopted which have been made to Proposed Amended Rule 1110.2, since
notice of public hearing was published do not significantly change the meaning of the
proposed rule within the meaning of the Health and Safety Code Section 40726 and do
not constitute conditions described in CEQA Guidelines 815162 requiring preparation of
a subsequent CEQA document; and

WHEREAS, the AQMD Governing Board has determined that a need
exists to amend Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled Engines, for
the reasons contained in the Board Letter; and

WHEREAS, the AQMD Governing Board obtains its authority to adopt,
amend, or rescind rules and regulations from Sections 40000, 40001, 40440, 40500,
40501.3, 40506, 40510, 40510.5, 40512, 40522, 40522.5, 40523, 40702, 40725 through
40728, and 44380 of the California Health and Safety Code; and

WHEREAS, the AQMD Governing Board has determined that Rule
1110.2 — Emissions from Gaseous- and Liquid-Fueled Engines, as proposed to be
amended, is written or displayed so that its meaning can be easily understood by the
persons directly affected by it; and

WHEREAS, the AQMD Governing Board has determined that Rule
1110.2 — Emissions from Gaseous- and Liquid-Fueled Engines, as proposed to be
amended, is in harmony with, and not in conflict with or contradictory to, existing
statutes, court decisions, or state or federal regulations; and

WHEREAS, the AQMD Governing Board has determined that Rule
1110.2 — Emissions from Gaseous- and Liquid-Fueled Engines, as proposed to be
amended, does not impose the same requirements as any existing state or federal
regulation, and the proposed amended rule is necessary and proper to execute the powers
and duties granted to, and imposed upon, the AQMD; and

WHEREAS, the AQMD Governing Board, in amending and adopting this
regulation, references the following statutes which the District hereby implements,
interprets, or makes specific: California Health and Safety Code Sections 40440(a) (rules
to carry out the Air Quality Management Plan), 40440(c) (cost effectiveness), 41508,
41700, and Federal Clean Air Act Section 172(c)(1) (RACT); and



WHEREAS, the AQMD Governing Board has determined that the Final
Socioeconomic Assessment approved for the 2008 amendments to Rule 1110.2 remain
valid for this proposed amendment, since there are fewer engines to control and the
control costs have remained relatively constant since the 2008 Socioeconomic
Assessment was conducted; and

WHEREAS, the AQMD Governing Board has determined that the 2008
Socioeconomic Assessment for Proposed Amended Rule 1110.2 — Emissions from
Gaseous- and Liquid-Fueled Internal Combustion Engines is still consistent with the
provisions of Health and Safety Code Sections 40440.8, 40728.5 and 40920.6; and

WHEREAS, the AQMD Governing Board has determined that the 2008
Socioeconomic Assessment for Proposed Amended Rule 1110.2 — Emissions from
Gaseous- and Liquid-Fueled Internal Combustion Engines is still consistent with the
March 17, 1989 Board Socioeconomic Resolution for rule adoption; and

WHEREAS, the AQMD Governing Board has determined that Proposed
Amended Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled Internal
Combustion Engines would have fewer costs to the affected industries than what was
described in the 2008 Socioeconomic Assessment; and

WHEREAS, a public hearing has been properly noticed in accordance with
the provisions of Health and Safety Code Section 40725; and

WHEREAS, the AQMD Governing Board has held a public hearing in
accordance with all the provisions of law; and

WHEREAS, the AQMD specifies the Manager of Rule 1110.2 -
Emissions from Gaseous- and Liquid-Fueled Engines as the custodian of the documents
or other materials which constitute the record of proceedings upon which the adoption of
this proposed amendment is based, which are located at the South Coast Air Quality
Management District, 21865 Copley Drive, Diamond Bar, California; and

WHEREAS, at the conclusion of the public hearing, the AQMD Board
may make other amendments to Proposed Amended Rule 1110.2 which are justified by
the evidence presented, or may decline the amendments or adoption; and

NOW, THEREFORE, BE IT RESOLVED, that the AQMD Governing
Board does hereby certify that the Addendum to the 2007 Final EA for Proposed
Amended Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled Internal
Combustion Engines, was completed in compliance with the CEQA statutes and
Guidelines; and finds that the Addendum to the 2007 Final EA along with the 2007 Final
EA for Proposed Amended Rule 1110.2 were presented to the Governing Board, whose
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members reviewed, considered and approved the information therein prior to acting on
Proposed Amended Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled Internal
Combustion Engines; and finds that the Addendum to the 2007 Final EA along with the
2007 Final EA for Proposed Amended Rule 1110.2 reflect the AQMD’s independent
judgment; and

BE IT FURTHER RESOLVED, that because no significant adverse
environmental impacts were identified as a result of implementing Proposed Amended
Rule 1110.2, Findings, a Statement of Overriding Considerations, and a Mitigation
Monitoring Plan are not required; and

BE IT FURTHER RESOLVED, that because the CEQA document
attached herein is an Addendum to the 2007 Final Environmental Assessment for
Proposed Amended Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled Internal
Combustion Engines, the Attachment 1 to the Governing Board Resolution for Proposed
Amended Rule 1110.2 — Emissions from Gaseouss and Liquid-Fueled Internal
Combustion Engines (ICEs) Satement of Findings, Statement of Overriding
Considerations and Mitigation Monitoring Plan, prepared for the 2008 amendments to
Rule 1110.2 applies to the currently proposed amendments to Rule 1110.2 and, therefore,
is attached herein and incorporated by reference; and

BE IT FUTHER RESOLVED, that the AQMD Governing Board directs
staff to apply the funds collected from the Compliance Flexibility Fee to the AQMD’s
leaf blower program and any other similar NOx reduction programs pursuant to protocols
approved under District rules which staff determines, in consultation with District
Counsel, will not call for the preparation of a subsequent environmental assessment
pursuant to CEQA guidelines section 15162; and

BE IT FURTHER RESOLVED, that the AQMD Governing Board directs
staff, in amending this rule, to continue its technology/rule implementation assessment
efforts by working collaboratively with all interested stakeholders and other interested
parties in monitoring the performance of on-going demonstration and other commercial
biogas control technology projects and report back to the Stationary Source Committee
periodically, beginning no later than July 1, 2013; and

BE IT FUTHER RESOLVED, that the AQMD Governing Board directs
staff, in amending this rule, to work collaboratively with all interested stakeholders and
other interested parties in monitoring the effectiveness of the missing data provisions for
continuous emission monitoring systems (CEMS) on biogas-fired engines, and make
appropriate changes to the rule, if necessary, no later than January 1, 2015.



BE IT FURTHER RESOLVED, that the AQMD Governing Board does
hereby receive and file the Final Technology Assessment Report for Biogas Engines; and

BE IT FURTHER RESOLVED, that the AQMD Governing Board does
hereby amend, pursuant to the authority granted by law, Rule 1110.2 — Emissions from
Gaseous- and Liquid-Fueled Engines, as set forth in the attached and incorporated herein
by this reference.

Date:

Clerk of the Boards
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INTRODUCTION

Proposed amended Rule (PAR) 1110.2 — Emissions f@aseous- and Liquid-Fueled
Internal Combustion Engines (ICEs), is a “projed% defined by the California
Environmental Quality Act (CEQA) (California PublResources Code 8821000 et seq.).
The South Coast Air Quality Management District A&IMD) is the lead agency for the
proposed project and, therefore, has prepared amdémental Assessment (EA) pursuant
to CEQA Guidelines 815252 and SCAQMD Rule 110. pusose of the EA is to describe
the proposed project and to identify, analyze, awmdluate any potentially significant
adverse environmental impacts that may result fragopting and implementing the
proposed project. The Draft EA was circulated he public for a 45-day review and
comment period from November 2, 2007, to DecemBer2007. The SCAQMD received
one comment letter during the 45-day public revéewd comment period. Responses were
prepared for the comments received during the camhperiod.

Note that some modifications and updates have lmeade to the proposed amended
regulation since the release of the Draft EA basedput from the regulated industry and
other parties to the rule development staff. Tlsospe changes were necessary to make the
revised Draft EA into a Final EA. However, thesedifications and updates were
evaluated by staff and it was concluded that theyndt constitute “significant new
information™ and, therefore, do not require recirculation o locument pursuant to
CEQA Guidelines §15088.5.

SUMMARY OF THE PROPOSED PROJECT

PAR 1110.2 partially implements the 2007 AQMP Cohtvleasure MSC-01 — Facility

Modernization, which requires facilities not paigiting in the NOx Regional CLean Air

Incentives Market (RECLAIM) Program to retrofit mplace existing equipment at the end
of a predetermined life span to achieve NOx emissequivalent to best available control
technology (BACT). In addition to achieving NOx ission reductions equivalent to

BACT, another objective of PAR 1110.2 is to achiduegher VOC and CO emission

reductions based on the cleanest available techieslo PAR 1110.2 would also increase
engine compliance through improved monitoring, rdkeeping and reporting. PAR 1110.2
would also implement SB 1298 distributed genera(ib®) emission standards for new
electrical generating engines. Finally, a majojective of PAR 1110.2 is to address and
correct issues also identified by EPA relativehie éxisting version of Rule 1110.2, so it can
be approved for incorporation into the SIP.

! Pursuant to CEQA Guidelines §15088.5, “Significaew information” requiring recirculation includier
example, a disclosure showing that:
(a) A new significant environmental impact woulduk from the project or from a new mitigation metas
proposed to be implemented.
(b) A substantial increase in the severity of airemmental impact would result unless mitigatioaasures are
adopted that reduce the impact to a level of inBgance.
(c) A feasible project alternative or mitigation aseire considerably different from others previoasiglyzed
would clearly lessen the environmental impactdefproject, but the project's proponents decliredmpt it.
(d) The draft EA was so fundamentally and basidadequate and conclusory in nature that meaniipgitolic
review and comment were precluded.
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Staff proposes the following amendments to Ruled12:1

Strengthen source testing requirements, add aredtisp and monitoring plan, install
air-to-fuel ratio controllers, and additional CEM&quirements for groups of engines
over 1,500 horsepower to improve compliance. Aoepon from the quarterly CO

monitoring is included for diesel and other leamrbwengines that are subject or
Regulation XX or have a NOx CEMs and that are ndiject to a CO limit more

stringent than 2000 ppm. The engines would stilfbbject to the 1&M plans

Eliminate the efficiency correction of the curréi®x and VOC emission limits, except
for biogas engines until 2012 where operators limaitural gas usage to 10 percent of
total fuel use and test for actual engine efficienE&liminate the efficiency correction of
the current NOx and VOC emission limits for biogagjines after 2012. The calculation
of the monthly facility biogas use percentage magluge natural gas fired during: any
electrical outage at the facility; Stage 2 or higkkectrical emergencies called by the
California Independent System Operator Corporatang when precipitation causes a
sewage treatment plant to exceed its design cgpacithe Executive Officer may
approve the burning of more than ten percent nlagas in a land fill or digester gas-
fired engine, when it is necessary, if the engeguired more natural gas in order for
waste heat recovery boiler to provide enough theremeergy to operate a sewage
treatment plant, and other boilers at the faciitg unable to provide the necessary
thermal energy.

Reduce emissions consistent with the 2007 AQMP, N@x and VOC emission limits
equivalent to current BACT and a reduction of th@ I&nit from 2000 ppm to 250 ppm.
These limits will phase in from 2010 to 2012.

Require new electrical generating engines to ghrtamply with CARB DG standards.

Clarify the exemption status of non-road engines] eemove the emission standard
requirements for portable engines.

Remove exemptions for ski area engines and engunsgle South Coast and Salton Sea
Air Basins

Add new exemptions for startups, overhauls, antéhirdommissioning of engines.

Include in the resolution direction for staff totrsmbmit the 2012 biogas limits as part of
the SIP submittal, conduct a technology assessmmnassure that cost-effective
technology is available for biogas engines to cgmyth the proposed biogas limits by
2010.

SIGNIFICANT ADVERSE IMPACTS WHICH CAN BE REDUCED BE LOW A
SIGNIFICANT LEVEL OR WERE CONCLUDED TO BE INSIGNIFI CANT

The EA identified health risk from diesel emergemeygine exhaust particulate and global
warming as potentially significant adverse enviremtal impacts that can be reduced to a
level determined not to be significant. There weve environmental topics, energy and
solid/hazardous waste that were identified as peignsignificant in the NOP/IS, but were
determined not to be significant in the EA.
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Health Risk from Diesel Exhaust Particulate

Health risk is evaluated on a localized level bgleating the adverse impacts of a facility
on the near-by community. The proposed projectlvganerate potential health risks from
diesel truck trips associated with ammonia, LNG dresel fuel. Facility operators who

replace biogas ICEs with alternative technologresteiad of complying with PAR 1110.2

may need diesel emergency engines to make up efesggs due to efficiency differences
between the biogas ICEs and alternative technaogldon-biogas facility operators who

replace ICEs with electric motors may need diesetérgency engines to provide energy
equivalent to the non-biogas ICE during emergencies

The worst-case carcinogenic health risk could oetua facility that had both biogas and
non-biogas emergency engines. However, the cagemo health risk at any facility with
both biogas and non-biogas emergency engines isceg to be below the sum of the
health risk of the biogas facility with the largesircinogenic risk and the non-biogas facility
with the largest carcinogenic health risk (3.4 me anillion + 18 in one million = 21.4 in one
million), which is greater than the significanceeshold of ten in a million (1.0x1). Non-
carcinogenic health risk was not determined to igaifecant. Therefore, PAR 1110.2
would be significant for carcinogenic health ris&rh diesel particulate emissions.

To further reduce diesel PM emissions diesel paete filters (DPFs) will be required for
any emergency diesel backup generators used abingas facilities where operators install
electric motors and the carcinogenic health riskeeds 10 in one million (1xT). DPFs
allow exhaust gases to pass through the filter omedbut trap diesel PM. Depending on
engine baseline emissions and emission test methddty cycle, DPFs can achieve a PM
emission reduction of greater than 85 percent. DiRgtalled on diesel backup generators
are, however, expected to reduce significant aéveascer risks to less than significant.
The maximum cancer risk at the largest non-biogaslity can be reduced from
approximately 18 in one million (1.8 x ¥pto approximately 4.5 in one million (4.5 x 90
which is less than the SCAQMD'’s cancer risk sigmaifice threshold of 10 in one million
(1.0 x 10°). Even if the carcinogenic heath risk from bolte thiogas and non-biogas
facilities were added together (21.4 in one millmn2.14 x 16), DPF would reduce the
carcinogenic health risk to less than signific@i14 x 10°x (1-0.85) = 3.21 in one million).
Many engines can also limit their testing to besléisan 30 hours per year to reduce
carcinogenic health risk to below 10 in one million

Global Warming

Preliminary evaluation of the proposed project @atied that it could result in a net increase
in CO2 emissions (a greenhouse gas), primarily fcomstruction activities to install control
devices, new engines, etc. However, SCAQMD stsdtimed for the CEQA analysis that,
for some categories of ICEs, it may be less cdsetipstall electric motors than comply with
PAR 1110.2. SCAQMD staff identified 225 ICEs wetrevould be less costly to install
electric motors. To provide a conservative analysiaff assumed that operators of only 75
percent of these engines, 169 engines, would inslittric motors. Electric motors are
estimated to have a lifespan of 10 years. Fopthposes of addressing the GHG impacts of
PAR 1110.2, the overall impacts of CO2 emissiomsnfithe project were estimated and
evaluated from initial implementation of the propdsproject in 2009 through 2019 (i.e.,
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over the lifespan of the electric motors). White tanalysis was only completed over the
lifespan of the electric motor, it is expected ttiegt reduction would continue, since facility
operators would be expected to replace electriomatvith another electric motor once the
original is replaced. The analysis also took iatzount CO2 emission increases from
utilities to produce electricity to run the electmotors.

It is possible that fewer than 169 non-biogas esgjicould be replaced with electric motors,
but, given the lower costs of installing and opeatlectric motors, it is likely that at least

15 non-biogas engines or more would be replaceld al#ctric motors. As a result, the

analysis only took CO2 emission reduction credit thee replacement of 15 ICES with

electric motors. The analysis showed that the €@ission reductions from PAR 1110.2
with replacing ICEs with electric motors were gerathan the CO2 emission increases
expected from PAR 1110.2 without replacing ICEshwatectric motors. Therefore, PAR

1110.2 is assumed to be less than significantlfdyay warming.

Energy

Total Energy I mpacts

Under the worst-case energy scenario (replacingstig gas engines with microturbines and
landfill gas engines with LNG plants), PAR 1110.@uld reduce natural gas used by at least
181,719 MMBtu per year, which includes the volupteeplacement of existing non-biogas
engines with electric motors where it costs less tbomplying with PAR 1110.2. The total
electricity production loss by the worst-case bggeenario (replacing digester gas engines
with microturbines and landfill gas engines with GN\blants) would be 576,527 MW-hours
per year which is less than one percent of 120@®4hours per year available in Southern
California. The maximum amount of diesel used orsircase construction and operations
would be 1,871 gallons of diesel per day, whiclegs than one percent of the 10 million
gallons consumed per day in California, and theeei® less than significant.

Renewable Energy | mpacts

A technical assessment will be completed in 20X0¢kvwill verify that PAR 1110.2 would
not cause biogas facility operators to replacetegdCEs with continuous flaring. If the
technology assessment shows potential for flarmigpat feasible control options for biogas
engines are not available, staff will return to @everning Board with a proposal to address
any new significant adverse impacts. Because @ftéichnology assessment under PAR
1110.2, SCAQMD staff believes that facilities opera will either use add-on control or
replace ICEs with alternative technologies that Maeither generate electricity or LNG;
there would be only adverse impacts to renewabéggnsupplies from efficiency losses
between the existing ICEs and the ICEs with addemmtrol or ICE replacement
technologies. The largest electrical loss fromevesble energy sources because of
differences in efficiency between alternative tembgies and the existing ICEs would be
101,013 MW-hours per year for the microturbines ptiamce option.

There may be adverse energy impacts in an indiVigionernment program, but any energy
losses other than from efficiency losses from ormegram may be made up in another
program. For example, if a landfill gas facilityperator chooses to replace an existing
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biogas ICEs with a LNG facility, not only would tieebe a loss of electricity generation, but
the LNG facility would need energy from the grid dperate. However, the landfill gas
would not be wasted, but treated and sold as LNKb¢lwis a renewable fuel. While this
might affect the California’s Renewables Portfditandard (RPS), which focuses only on
electricity, it would assist renewable fuel/biomagssls under Governor Schwarzenegger’'s
Executive Order S-06-06. Therefore, while

Solid/Hazardous Waste

The NOP/IS stated that solid/hazardous waste ntiglgignificantly adversely impacted by
PAR 1110.2. Adverse solid/hazardous waste impaetsissociated with the replacement of
ICEs and the disposal of catalysts. The replacermEnCEs would occur once during
construction. The replacement of catalyst would¢uocboth during construction and
operation. An analysis was completed that comp#nedcapacities of existing solid and
hazardous waste landfills and it was determined the adverse solid/hazardous waste
impacts associated with PAR 1110.2 would not beifsognt.

SIGNIFICANT ADVERSE IMPACTS THAT CANNOT BE REDUCED BELOW A

SIGNIFICANT LEVEL
The Initial Study identified air quality, energyazards and hazardous materials, and
solid/hazardous waste as areas that may be adveaetted by the proposed project.
During the public comment period on the Notice cégaration and Initial Study (NOP/IS)
for the proposed project, April 26, 2007 to May 28)07, SCAQMD staff received
comments suggesting that the proposed project conddte significant adverse aesthetic
impacts. Potential adverse impacts to these inér@mental areas were further analyzed
in the Draft EA. Potential adverse energy andd#odizardous waste impacts were
determined to be less than significant.

It was assumed that operators of biogas systemis cathply with PAR 1110.2 by
controlling emissions from ICEs with SCR or NOxTexyistems or replace the ICE with an
alternative technology that would not be reguldbydPAR 1110.2, such as, boilers, gas
turbines, microturbines, fuel cells or biogas toGNacilities. Emission reductions from
ICEs controlled by SCR or NOxTech systems weraregad based on PAR 1110.2 limits.
The emission reductions anticipated for PAR 111&x2 based on the assumption that
operators of biogas facilities can comply with PARLO.2 by installing control equipment
onto their equipment. However, based on commeusived by the regulated industry,
operators may replace biogas engines with altemmggchnologies and, thus, would no
longer be subject to PAR 1110.2. If biogas opesatthoose to replace ICEs with
alternative technologies (gas turbines, microtbjnLNG plants, etc.), the alternative
technologies would be subject to other regulat@yuirements such as Regulation XIII.
The follow is a description of each replacementtetogy.

To account for the possibility that affected operatmay install alternative technologies;
staff has calculated the potential emission reduaagffects if all affected biogas engines are
replaced with alternative technologies. To addmsscerns of commenters about flaring
and biogas compliance options, which have not beenfied, SCAQMD staff has
committed to a technology assessment in 2010.hdftéchnology assessment shows the
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potential for flaring, then staff will return toglGoverning Board with a proposal addressing
any new significant adverse impacts. Facility apenrs who replace ICEs with fuel cells
would not generate any appreciable emissions, sssems would essentially be zero. The
analysis assumes that facility operators who repl&@Es with biogas to LNG facilities
would generate emissions from boilers used to predeat for the process and would use
electric motors, which would be powered by eledirifrom the grid.

The EA analyzed potential adverse impacts from difeerent biogas compliance options:

NOx, VOC and CO controls added to biogas ICEs; &0 Es replaced with gas turbines;
biogas ICEs replaced with microturbines; digestes fCEs replaced with gas turbines and
landfill gas ICEs replaced with LNG plants; digesges ICEs replaced with microturbines
and landfill gas ICEs replaced with LNG plants.

The analysis assumes that facility operators wptace ICEs with biogas to LNG facilities
would generate emissions from boilers used to predeat for the process and would use
electric motorswhich would be powered by electricity from the grilNG plants require
substantial area because of the size and numlzamgbonents needed to collect, scrub and
cool biogas into LNG. Not all biogas facilitiesvyeaenough space to support an LNG plant.
The analysis of the effects of replacing ICEs vilhG plants assumes that only landfill gas
facilities have enough area to allow installatidmo LNG plant.

Aesthetics
Commenters stated that facility operators mightaep existing diesel engines with diesel
engine alternatives such as, gas turbines, midiotes, fuel cells, electric motors, boilers,
or biogas to liquefied natural gas (LNG) plants.hy$tcal modifications that may be
necessary to comply with alternatives to complyith PAR 1110.2 might significantly
alter the aesthetics of an existing facility. Téfere, PAR 1110.2 was determined to be
significant for adverse aesthetic impacts.

Air Quality

Since construction and operational emissions woattir concurrently, the emissions from
both activities were evaluated together. The tegulemissions were compared to
SCAQMD operational criteria pollutant thresholdehe worst-case criteria emissions would
occur if all biogas facility operators chose to lage ICEs with gas turbines. In this
scenario, PAR 1110.2 would reduce 4,311 pounds@x der day, 46,868 pounds of CO
per day, 1,995 pounds of VOC per day and 13 powfdSOx per day. PM10 would
increase by 142 pounds per day and PM2.5 wouleeaser by 142 pounds per day. The
PM10 increase would be below the significance tiwks of 150 pounds per day. The
PM2.5 emissions would be greater than the sigméeathreshold of 55 pounds per day.
Therefore, PAR 1110.2 would be significant for PM@perational emissions.

Hazards and Hazardous Materials
SCR systems require either urea or ammonia to @oNt®x. Use of urea would not result
in offsite adverse impacts because it is not ardazs material. Because of the hazards
associated with anhydrous ammonia, an acutely Hdamar material, SCAQMD policy
precludes its use as a means of reducing NOx emissi To further reduce hazards
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associated with ammonia, a permit condition thatt§ the agueous ammonia concentration
to 19 percent or less is typically required. Si@0epercent aqueous ammonia is evaluated
by RMPComp (20 percent is the lowest concentratigailable in RMPComp), adverse
impacts from aqueous ammonia were evaluated bas¢ldec20 percent aqueous ammonia
in the EA. The NOP/IS determined that adverse otgpdrom transport of agueous
ammonia would be less than significant, so trartspioammonia was not evaluated further
in the Draft EA. SCAQMD staff estimated that thegest aqueous ammonia tank would be
5,000 gallons. Storage and use of aqueous ammuoiaver, would generate potentially
significant adverse impacts and, therefore, weraluated in the Draft EA. The toxic
endpoint for a 5,000 gallon aqueous ammonia tankdvoe 0.1 mile. Based on a survey of
biogas facilities, some facilities have receptoithiv 0.1 mile of the existing ICEs. Since it
is assumed that aqueous ammonia tanks for SCRrsysbelld need to be relatively near to
the existing ICEs, it is assumed that the toxicpemat for aqueous ammonia from a
catastrophic failure of the storage tank would sicgmntly adversely affect the receptors
within 0.1 mile of the ICEs. Therefore, PAR 1110845 the potential to generate significant
adverse hazardous impacts in the event of an ateldelease of aqgueous ammonia.

Installation of biogas to LNG plants instead of gdymg with PAR 1110.2 would include
LNG storage tanks. Based on the SCAQMD’s survefaaolities, and design of the LNG
facility at the Bowerman Landfill, the largest LN@nk was estimated to be 71,000 gallons.
The overpressure from a catastrophic release @00lgallons of LNG with a berm was
estimated to be 0.2 mile. Based on a survey ofjdsofacilities, some facilities have
receptors with 0.1 miles of the existing ICEs. rEfere, PAR 1110.2 has the potential to
generate signification adverse hazards impactsenevent of a catastrophic failure of an
LNG storage tank.

Four accidental release scenarios were identibedhfe transport of LNG: release of LNG
into a pool that evaporates and disperses witlgmition; the ignition of a flammable cloud;
a boiling liquid expanding vapor explosion (BLEV&gcurs; or the tank ruptures, rockets
away and ignites. The worst-case endpoint fromnsdlscenarios is 0.3 mile from a vapor
cloud fire, BLEVE or where a rocketing tank woulthtl. Assuming that these accidents
would occur near receptors, PAR 1110.2 has thenpateo generate significant adverse
hazard impacts in the event of an accidental releb&NG during transport.

FINDINGS
Public Resources Code §21081 and CEQA GuidelinB8%li(a) state that no public agency
shall approve or carry out a project for which a@#Edocument has been completed which
identifies one or more significant adverse envirental effects of the project unless the
public agency makes one or more written findings dach of those significant effects,
accompanied by a brief explanation of the ratiorfaleeach finding. Additionally, the
findings must be supported by substantial evideimceéhe record (CEQA Guidelines
815091(b)). As identified in the Final EA and suarired above, the proposed project has
the potential to create significant adverse aesthetonstruction air quality, and hazard and
hazardous materials impacts. The SCAQMD GoverrBugird, therefore, makes the
following findings regarding the proposed projectThe findings are supported by
substantial evidence in the record as explaineghgh finding. This Statement of Findings

PAR 1110.2 Attachment 1 - Page 7 December 2007



will be included in the record of project approwad will also be noted in the Notice of
Decision.

1. Potential aesthetic adverse impacts cannot be miaiged to insignificance.

Finding and Explanation Significant adverse aesthetic impacts are expeat a result of
complying with PAR 1110.2 at biogas facilities. Npecific mitigation measures were
identified that could reduce significant adversstlaetic impacts to less than significant. It
is expected that facility operators would placetoartechnology or ICE alternatives away
from property boundaries. However, space issudstanlocation of utilities, location and
quality of the biogas source, and piping may ditdhe placement of equipment.
Equipment may be masked by perimeter walls or leaqols vegetation; although, fire
prevention and safety issues would take precedewmee aesthetic concerns. As a result,
there is no guarantee that landscape vegetatiotdv@uavailable as a means of reducing
aesthetics impacts.

Since the location and type of control equipmentGE replacement is unknown for any
specific biogas facility and the effectiveness efimeter walls and landscaping to minimize
aesthetics impacts is unknown, it is assumed thsthatics impacts cannot be mitigated to
less than significant.

The Governing Board finds that no feasible mitigatimeasures have been identified.
CEQA Guidelines 815364 defines "feasible" as "cépatf being accomplished in a
successful manner within a reasonable period of titaking into account economic,
environmental, legal, social, and technologicatdes:"

2. Potential PM2.5 emissions from the gas turbine contiance option cannot be
mitigated to insignificance.

Finding and Explanation PM2.5 emissions under the gas turbine compliapte®n were
concluded to be significant in certain years. &deoy PM2.5 emissions under this
compliance scenario are generated from the follgwaaurces: emergency diesel backup
generators during periodic testing, diesel truckandporting materials, e.g., catalyst,
activated carbon, etc., to and from affected fied| power plant emissions, etc. would
occur. Based on the gas turbine biogas compliaptien, PAR 1110.2 has the potential to
emit 142 pounds of PM2.5 per day in some futures/ea

New gas turbines installed as a compliance optistead of complying with PAR 1110.2

would likely be subject to Rule 1303 or Rule 2005 requirements. No add-on control

technology or alternatives have been identifiededuce PM2.5 emissions from the gas
turbine compliance option.

The Governing Board finds that no feasible mitigatmeasures have been identified to
reduce significant adverse PM2.5 impacts undeg#seturbine compliance option. CEQA
Guidelines 815364 defines "feasible" as "capablde&hg accomplished in a successful
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manner within a reasonable period of time, takimg iaccount economic, environmental,
legal, social, and technological factors."

3. Potential adverse hazard impacts from an accidentaklease of ammonia during
storage and LNG during transport and storage that ennot be mitigated to
insignificance.

Finding and ExplanationIn the event of a catastrophic release of agsi@mmonia from
ammonia storage tanks, it was estimated that theuél be exposure to concentrations of
ammonia above the ERPG 2 level of 150 ppm withinrlile of the storage tank. Due to
the size and locations of affected facilities sevesireceptors are expected to be within 0.1
mile of the storage tank. Therefore PAR 1110.2ldidne significant for accidental release
from ammonia storage.

Under the alternative compliance option where thaer of an affected biogas engine
replaces the engine with a biogas-to-LNG facilgignificant adverse hazard impacts could
occur under the following scenarios. The one psrpressure from the cataclysmic
destruction of the LNG storage tank is expectedxiend 0.2 mile from the LNG storage
tank. Due to the size and locations of affectagilifees sensitive receptors are expected to
be within 0.1 mile of the storage tank. Therefé¥®R 1110.2 would be significant for
accidental release from an on-site LNG storage. tdblring transportation of LNG, it was
estimated that adverse impacts from various reteaselld extend 0.3 mile. It is expected
that sensitive receptors could be within 0.3 mileoadway used by LNG trucks associated
with PAR 1110.2. Therefore, PAR 1110.2 has themidl to generate significant hazard
impacts associated with an accidental release @ dNring transport.

SCAQMD policy relative to air pollution control tecologies requires the use of aqueous
ammonia instead of anhydrous ammonia reduces [ptadizerse impacts in the event of an

accidental release of ammonia used for SCR uilike use of 19 percent agueous ammonia
further reduces adverse impacts from in the eveah@ccidental release of ammonia.

Secondary containment (e.g. berms), valves thatskait, emergency release values and
barriers around ammonia or LNG storage tanks asgdaeneasures that are used to prevent
the physical damage to storage tanks or limit éhease of aqueous ammonia or LNG from
storage tanks are typically required by local flepartments. Integrity testing of aqueous
ammonia and LNG storage tanks assists in preveridiiigre from structural problems.
Further, as part of the proposed project, SCAQMdIf still require that affected facility
operators construct a containment system to be disedg ammonia off-loading and LNG
loading operations.

However, no additional mitigation measures beydrake¢ identified above were identified
that would reduce the hazard and hazardous matenpaicts from ammonia or LNG to less
than significant. Therefore, the remaining hazaadd hazardous material impacts from
exposure to the ERPG 2 level of 150 ppm for ammanid the one psi overpressure from
the cataclysmic destruction of the LNG storage t@mkconsidered to be significant.
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The Governing Board finds that no additional felsilmitigation measures beyond those
identified in the EA have been identified that caduce adverse hazards and hazardous
material impacts to less than significant. CEQAiId8lines 815364 defines "feasible" as
"capable of being accomplished in a successful eramithin a reasonable period of time,
taking into account economic, environmental, legatial, and technological factors."

4. Feasible Alternatives to the Proposed Project do moeduce adverse aesthetic,
air quality and hazards, and hazardous material impcts to insignificance.

Finding and Explanation The Governing Board finds further that in aduitito the No
Project Alternative, the Final EA considered al&ives pursuant to CEQA Guidelines
815126.6. Of all the alternatives considered, ditgrnative C (Enhanced Enforcement)
would reduce to insignificant levels the significaglverse aesthetic, air quality, and hazard
and hazardous material impacts identified for th@ppsed project. Installation of CEMSs,
additional monitoring, etc., are not expected tange the visual character of the facility or
surroundings and, therefore, would not be expetegenerate significant adverse aesthetic
impacts. Additional compliance requirements wouldt generate significant adverse
construction or operational air quality impactsir #dxics would be generated from source
testing vehicle trips, but health risk from a senglip every other year would be negligible.
Because Alternative C does not impose further aarissontrol requirements, no facility
operators would implement emission compliance ogtithat could generate significant
hazards/hazardous material impacts, because hazaulid not be generated from increased
monitoring and source testing. By not requiramy additional control equipment, facility
operators are not expected to replace ICEs withdl@#natives. The ICE alternatives were
determined to be the source of adverse aesthetiquality and hazards and hazardous
material impacts. However, while Alternative C wabulot generate significant adverse
impacts compared to the proposed project, it waldh not achieve most of the project
objectives such as implementing the 2007 AQMP @bntteasure MCS-01 — Facility
Modernization; partially implementing SB 1298; aachieving further NOx, VOC, and PM
emission reductions from affected engines.

Alternative B would extend and increase the low-eseeption to non-biogas engines and
extend the 15 minute averaging time during compkatesting to one hour. Impacts from
implementing Alternative B would generally be sianito PAR 1110.2 because the greatest
impacts occur from the various compliance optiamrsiogas engines. Compliance options
are essentially the same for both Alternative B &A&R 1110.2. Alternative B may
generate lower construction emissions overall costpéo PAR 1110.2, but because major
construction activities are anticipated to occurbaigas facilities the maximum daily
construction emissions may not be substantiallje#ht from those identified for PAR
1110.2. CO2 emission reductions would be simda€O2 emission reductions identified
for PAR 1110.2 because it is expected that repdanom-biogas ICEs with electric motors
will be a less costly compliance option for the sacategories of ICEs affected by both
PAR 1110.2 and Alternative B. Aesthetic and hagdwakzardous material impacts are
expected to be similar to PAR 1110.2 and, there®gmificant.
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Alternative D is expected to generate significaitease environmental impacts similar to
those identified for PAR 1110.2. Alternative D mayrementally increase adverse
environmental impacts because larger or additiaoaltrol may be required to meet the
lower CO compliance concentration limits. CO2 esios reductions would occur through
the mandatory replacement of non-biogas engines glgctric motors for categories for
categories of engines where this compliance opdess costly than complying with the
emission control requirements. While in practickesative D could generate greater
adverse environmental impacts, the assumptionseapjal PAR 1110.2 would also apply to
Alternative D because these assumptions providenib&t conservative analysis possible.
Therefore, for this analysis the adverse envirortalempacts from PAR 1110.2 and
Alternative D are equivalent. Alternative D woudd expected to create significant adverse
aesthetics, air quality, and hazards/hazardousewast

Although Alternative A-No Project Alternative, walilnot generate any of the adverse
impacts identified for the proposed project, it Wbalso not achieve any of the project
objectives. An important objective of the propogmwject is to improve an enhance
compliance with the rule requirements. Under Al&tive A it is possible that violations of
Rule 1110.2 could continue to occur, albeit at welo level than is currently the case
because the SCAQMD is aware of compliance issuésally, Alternative A would not
address SIP approvability issues identified by EPA.

No additional feasible mitigation measures or mbpgternatives, other than those already
included in the Final EA, have been identified tleah further mitigate the potentially
significant project-specific impacts on air quality

The SCAQMD finds that the proposed project achighesbest balance between emission
reductions and the adverse aesthetic, air quaitg, hazardous and hazardous material
impacts due to construction and operation actwitihile meeting the objectives of the
project. The SCAQMD further finds that all of thedings presented in this “Statement of
Findings” are supported by substantial evidendéerecord.

The record of approval for this project may be fun the SCAQMD’s Clerk of the
Board’s Office located at SCAQMD Headquarters iar@ond Bar, California.

STATEMENT OF OVERRIDING CONSIDERATIONS

If significant adverse impacts of a proposed projemain after incorporating mitigation
measures, or no measures or alternatives to natiga adverse impacts to less than
significant levels are identified, the lead agenuyst make a determination that the benefits
of the project outweigh the unavoidable adverserenmental effects if it is to approve the
project. CEQA requires the decision-making agemaybalance, as applicable, the
economic, legal, social, technological, or othendf's of a proposed project against its
unavoidable environmental risks when determiningetiver to approve the project (CEQA
Guidelines 815093(a)). If the specific economiegal, social, technological, or other
benefits of a proposed project outweigh the unaatdel adverse environmental effects, the
adverse environmental effects may be considereccefdable” (CEQA Guidelines
815093(a)). Accordingly, a Statement of Overrididgnsiderations regarding potentially
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significant adverse impacts resulting from the psga project has been prepared. This
Statement of Overriding Considerations is inclu@sdpart of the record of the project

approval for the proposed project. Pursuant to &EQidelines §15093(c), the Statement

of Overriding Considerations will also be notedlie Notice of Decision for the proposed

project.

Despite the inability to incorporate changes irfte project that will mitigate potentially
significant adverse impacts to a level of insigrafice, the SCAQMD's Governing Board
finds that the following benefits and considerasiautweigh the significant unavoidable
adverse environmental impacts:

1. The analysis of potential adverse environmentalaictg incorporates a “worst-case”
approach. This entails the premise that whendwernalysis requires that assumptions
be made, those assumptions that result in the ggteativerse impacts are typically
chosen. This method likely overestimates the actdaerse aesthetic, air quality, and
hazards and hazardous material impacts resultomy the proposed project.

2. The proposed project implements, in part, AQMP mdnneasure MSC-01. The long-
term effect of PAR 1110.2, other SCAQMD rules, a&@MP control measures is the
reduction of criteria emissions district-wide, adimiting to attaining and maintaining
the state and federal ambient air quality standasttsa margin of safety. Beginning in
2008, PAR 1110.2 would reduce NOx emissions byddis fper year (204 pounds per
day) CO emissions by 69 tons per year (379 pouedsiay) and VOC emission by six
tons per year (35 pounds per day). At full impletagon, the long-term effect of the
proposed amendments is a permanent reduction of &figsions by 4,335 tons per
year (791 pounds per day), CO emissions by 38,845 per year (7,089 pounds per
day) and VOC emission by 1,372 tons per year (2ihgs per day).

3. Although significant health risk impacts from diesghaust particulate emissions was
identified, a mitigation measure was identifiedréduce emissions impacts to a level of
insignificance.

4. The proposed project and alternatives do not pilest¢he means of controlling NOX,
VOC and CO emissions. Facility operators may chaoegshnologies that would not
generate significant adverse aesthetic, air quatityhazards and hazardous material
impacts. For example, if biogas facility operatoeplaced their existing ICEs with
microturbines or fuel cells, then there would netdmy aesthetic, air quality, or hazards
and hazardous material impacts.

5. The proposed project includes a technology assedsme2010. The results of the
technology assessment may result in identifyingtrobrtechnologies that would not
generate significant adverse aesthetic, air quatityhazards and hazardous material
impacts.

6. The proposed project is expected to result in aedhiction of CO2 emissions based on
the expectation that it will be more cost effectioe operators of some types of non-
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biogas engines to replace their engines with etectotors. As a worst-case assumption,
PAR 1110.2 is expected to result in no net incréas¥02 emissions.

7. One of the objectives of PAR 1110.2 is to addrhssfour issues identified by EPA that
were cause for disapproval of Rule 1110.2, whictamseit cannot be incorporated into
the State Implementation Plan. Adopting PAR 11Mduld correct the four issues
identified by EPA.

The SCAQMD’s Governing Board finds that the aboesatibed considerations outweigh
the unavoidable significant effects to the envirentras a result of the proposed project.

MITIGATION MONITORING PLAN
CEQA requires an agency to prepare a plan for teygpand monitoring compliance with
the implementation of measures to mitigate sigaificadverse environmental impacts.
Mitigation monitoring requirements are includedGEQA Guidelines 815097 and Public
Resources Code §21081.6, which specifically state:

When making findings as required by subdivisiondgPublic Resources Code §21081 or
when adopting a negative declaration pursuant tagoaph (2) of subdivision (c) of Public
Resources Code 821080, the public agency shalltadogporting or monitoring program
for the changes to the project which it has adoptechade a condition of project approval
in order to mitigate or avoid significant effects the environment (Public Resources Code
§21081.6). The reporting or monitoring programlisha designed to ensure compliance
during project implementation. For those change&lvhave been required or incorporated
into the project at the request of an agency hapinigdiction by law over natural resources
affected by the project, that agency shall, if sguested by the lead or responsible agency,
prepare and submit a proposed reporting or monggsrogram.

The provisions of CEQA Guidelines 815097 and PuB&sources Code 821081.6 are
triggered when the lead agency certifies a CEQAug@nt in which mitigation measures,
changes, or alterations have been required orpocated into the project to avoid or lessen
the significance of adverse impacts identifiedhe CEQA document. Public Resources
Code 821081.6 leaves the task of designing a fiegodr monitoring plan to individual
public agencies.

To fulfill the requirements of CEQA Guidelines 8880 and Public Resources Code
§21081.6, the SCAQMD must develop a plan to monpaject compliance with those
mitigation measures adopted as conditions of agpraivthe Final EA for the PAR 1110.2.
The following subsections identify the specific iggition measures identified in the Final
EA and the public agency responsible for monitorimgplementation of each mitigation
measure.

Air Quality Impact

IMPACT SUMMARY OF MITIGATION MEASURES A-1: If a facility operator
chooses to replace ICEs with alternative technelgiliesel emergency engines may be
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required as emergency backup engines in the eveah cemergency. The analysis
concluded that emissions from emergency enginengestould generate significant
adverse cancer risk impacts. In the air qualitglysis, it was determined that diesel
particulate filters would reduce the carcinogengalth risks associated with diesel
particulate emissions from the emergency enginésstthan significant.

MITIGATION MEASURES:

Diesel Emergency Engines
A-1 Require particulate filters for any diesel egency engine installed that
generates a carcinogenic health risk greater tlBam bne million as a result of
replacing existing ICEs at a facility as part ofaternative method of complying
with PAR 1110.2.

IMPLEMENTING PARTIES: The SCAQMD’s Governing Board finds that

implementing the mitigation measures A-1 is theoesibility of the owner, operator, or

agent of each affected facility who submits a peapplication for emergency engines as
a result of replacing existing ICEs to avoid coraptie with the proposed project.

MONITORING AGENCY: The SCAQMD’s Governing Board finds that through it
discretionary authority to issue and enforce pesrfot this project, the SCAQMD will
ensure compliance with mitigation measures A-1.

Hazard and Hazardous Material Impact

IMPACT SUMMARY OF MITIGATION MEASURES H-1:  Facility operators who

install ammonia or LNG storage tanks may generagyaificant impact off-site in the

event of an accidental release. Secondary congnhiofi ammonia and LNG storage
tanks are required by local fire departments. S@WQstaff proposes that affected
facilities construct a secondary containment systenbe used during off-loading of
ammonia and loading of LNG to further reduce ofésexposures in the event of an
accidental release. No other mitigation to redtle® adverse impacts from off-site
because of an accidental release of LNG or ammumidess than significant was
identified.

MITIGATION MEASURES:

Diesel Emergency Engines
H-1 Require secondary containment to be used guammonia off-loading
operations and LNG loading operations for any figcthat has the potential to
generate an off-site significant adverse impathé&event of an accidental release
from ammonia or LNG storage tanks.

IMPLEMENTING PARTIES: The SCAQMD’s Governing Board finds that
implementing the mitigation measures H-1 is th@oesibility of the owner, operator, or
agent of each affected facility who submits a perapiplication for ammonia or LNG
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storage in connection with an alternative meansoafplying with the proposed project
where it can be shown that the facility has theeptél to generate significant adverse
off-site hazard impacts because of an accidendse.

MONITORING AGENCY: The SCAQMD’s Governing Board finds that through it
discretionary authority to issue and enforce pesrfut this project, the SCAQMD will
ensure compliance with mitigation measures H-1.

CONCLUSION

Based on a “worst-case” analysis, the potentiakeesty aesthetic, air quality, hazard and
hazardous materials impacts from the adoption amglementation of PAR 1110.2 are
considered significant and unavoidable. Constonctf ICE alternatives may adversely
impact the visual character of the area aroundcttefacilities. Facility operators who
choose to replace existing biogas ICES with gasites as an alternative to complying with
the requirements of PAR 1110.2 may generate PMaiSstons that exceed the applicable
regional significance threshold. Facility operatarho replace existing ICEs may require
diesel emergency engines. Diesel particulaterdilteere identified as a feasible mitigation
measure that would reduce health risk from diesgrgency engine exhaust to less than
significant. Facility operators who install ammanor LNG tanks in connection with
alternative compliance options have the potentabénerate significant adverse hazard
impacts in the event of an accidental release tbeeimaterial. In addition to secondary
containment features require by local fire depantimefor storage tanks, secondary
containment around loading and off-loading operatiovould reduce adverse impacts, but
would not reduce them to insignificance.

It is likely that existing SCAQMD Rule 1470 woultteady require diesel emergency back-
up engines to be retrofitted with particulate fdteor meet very low PM emission
requirements. However, for any diesel emergenck4@ engines that are installed as a
result of adopting and implementing PAR 1110.2 #rad may not be subject to Rule 1470,
diesel particulate filters will be required to eresuhat the engines do not generate
significant adverse carcinogenic health risks.

No other feasible mitigation measures or projeerabtives have been identified that would
further reduce aesthetic, air quality, and hazardkhazardous material impacts to less than
significant levels, while still achieving the ovirabjectives of the project.
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(Adopted August 3, 1990)(Amended September 7, 1990)(Amended August 12, 1994)
(Amended December 9, 1994)(Amended November 14, 1997)

(Amended June 3, 2005)(Amended February 1, 2008)(Amended July 9, 2010)
(September 7, 2012)

Proposed Amended RULE 1110.2 EMISSIONS FROM GASEOUS- AND LIQUID-
FUELED ENGINES

@ Purpose
The purpose of Rule 1110.2 is to reduce Oxides of Nitrogen (NOy), Volatile
Organic Compounds (VOCs), and Carbon Monoxide (CO) from engines.

(b) Applicability
All stationary and portable engines over 50 rated brake horsepower (bhp) are
subject to this rule.

(c) Definitions

For the purpose of this rule, the following definitions shall apply:

1) AGRICULTURAL STATIONARY ENGINE is a non-portable engine
used for the growing and harvesting of crops or the raising of fowl or
animals for the primary purpose of making a profit, providing a livelihood,
or conducting agricultural research or instruction by an educational
institution. An engine used for the processing or distribution of crops or
fowl or animals is not an agricultural engine.

@) APPROVED EMISSION CONTROL PLAN is a control plan, submitted
on or before December 31, 1992, and approved by the Executive Officer
prior to November 14, 1997, that was required by subdivision (d) of this

(343) CERTIFIED SPARK-IGNITION ENGINES mean engines certified by
California Air Resources Board (CARB) to meet emission standards in
accordance with Title 13, Chapter 9, Article 4.5 of the California Code of
Regulations (CCR).
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| Proposed Amended Rule 1110.2 (Cont.) (September 7, 2012)

| (454)

| (565)

| (676)

| (787)

| (898)

EMERGENCY STANDBY ENGINE is an engine which operates as a
temporary replacement for primary mechanical or electrical power during
periods of fuel or energy shortage or while the primary power supply is
under repair.

ENGINE is any spark- or compression-ignited internal combustion engine,
including engines used for control of VOCs, but not including engines
used for self-propulsion.

EXEMPT COMPOUNDS are defined in District Rule 102 - Definition of
Terms.

FACILITY means any source or group of sources or other air contaminant
emitting activities which are located on one or more contiguous properties
within the District, in actual physical contact or separated solely by a
public roadway or other public right-of-way, and are owned or operated by
the same person (or by persons under common control), or an outer
continental shelf (OCS) source as determined in Section 55.2 of Title 40,
Part 55 of the Code of Federal Regulations (40 CFR Part 55). Such
above-described groups, if noncontiguous, but connected only by land
carrying a pipeline, shall not be considered one facility. Sources or
installations involved in crude oil and gas production in Southern
California Coastal or OCS Waters and transport of such crude oil and gas
in Southern California Coastal or OCS Waters shall be included in the
same facility which is under the same ownership or use entitlement as the
crude oil and gas production facility on-shore.

LEAN-BURN ENGINE means an engine that operates with high levels of
excess air and an exhaust oxygen concentration of greater than 4 percent.

| (9269) LOCATION means any single site at a building, structure, facility, or

installation. For the purpose of this definition, a site is a space occupied or
to be occupied by an engine. For engines which are brought to a facility to
perform maintenance on equipment at its permanent or ordinary location,
each maintenance site shall be a separate location.

| (1048) NET ELECTRICAL ENERGY means the electrical energy produced by a

generator, less the electrical energy consumed by any auxiliary equipment
necessary to operate the engine generator and, if applicable, any heat
recovery equipment, such as heat exchangers.

| (1121) NON-ROAD ENGINE is any engine, defined under 40 CFR Part 89, that

does not remain or will not remain at a location for more than 12
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consecutive months, or a shorter period of time where such period is

representative of normal annual source operation at a stationary source

that resides at a fixed location for more than 12 months (e.g., seasonal
operations such as canning facilities), and meets one of the following:

(A) Is used in or on a piece of equipment that is self-propelled or
serves a dual purpose by both propelling itself and performing
another function (such as a mobile crane); or

(B) Is used in or on a piece of equipment that is intended to be
propelled while performing its function (such as lawn mowers and
string trimmers); or

(C) By itself, or in or on a piece of equipment, is portable or
transportable, meaning designed to be and capable of being carried
or moved from one location to another. Transportability includes,
but is not limited to, wheels, skids, carrying handles, dolly, trailer,
platform or mounting.

(1232) OPERATING CYCLE means a period of time within which a round of
regularly recurring events is completed, and cannot be stopped without the
risk of endangering public safety or health, causing material damage to the
equipment or product, or cannot be stopped due to technical constraints.
Economic reasons alone will not be sufficient to extend this time period.
The operating cycle includes batch processes that may start and finish
several times within a twenty-four hour period, in which case each start to
finish interval is considered a complete cycle.

(1343) OXIDES OF NITROGEN (NOx) means nitric oxide and nitrogen dioxide.

(1454) PORTABLE ENGINE is an engine that, by itself or in or on a piece of
equipment, is designed to be and capable of being carried or moved from
one location to another. Indications of portability include, but are not
limited to, wheels, skids, carrying handles, dolly, trailer, platform or
mounting. The operator must demonstrate the necessity of the engine
being periodically moved from one location to another because of the
nature of the operation.

An engine is not portable if:

(A)  the engine or its replacement remains or will reside at the same
location for more than 12 consecutive months. Any engine, such
as a back-up or stand-by engine, that replaces an engine at a
location and is intended to perform the same function as the engine
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being replaced, will be included in calculating the consecutive time
period. In that case, the cumulative time of both engines, including
the time between the removal of the original engine and
installation of the replacement engine, will be counted toward the
consecutive time period; or
(B)  the engine remains or will reside at a location for less than 12
consecutive months where such a period represents the full length
of normal annual source operations such as a seasonal source; or
(C)  the engine is removed from one location for a period and then it or
its equivalent is returned to the same location thereby
circumventing the portable engine residence time requirements.
The period during which the engine is maintained at a designated storage
facility shall be excluded from the residency time determination.
| (1565) RATED BRAKE HORSEPOWER (bhp) is the rating specified by the
manufacturer, without regard to any derating, and listed on the engine
nameplate.
| (1676) RICH-BURN ENGINE WITH A THREE-WAY CATALYST means an
engine designed to operate near stoichiometric conditions with a catalytic
control device that simultaneously reduces emissions of NOx, CO and
VOC.
| (178%) STATIONARY ENGINE is an engine which is either attached to a
foundation or if not so attached, does not meet the definition of a portable
or non-road engine and is not a motor vehicle as defined in Section 415 of
the California Vehicle Code.
| (1898) TIER 2 AND TIER 3 DIESEL ENGINES mean engines certified by
CARB to meet Tier 2 or Tier 3 emission standards in accordance with
Title 13, Chapter 9, Article 4 of the CCR.
| (192019) USEFUL HEAT RECOVERED means the waste heat recovered
from the engine exhaust and/or cooling system that is put to productive
| use. The waste heat recovered may bey assumed to be 100% useful unless
the hot water, steam or other medium is vented to the atmosphere, or sent
directly to a cooling tower or other unproductive use.
(2029) VOLATILE ORGANIC COMPOUND (VOC) is as defined in Rule 102.
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(d) Requirements
1) Stationary Engines:

(A)  Operators of stationary engines with an amended Rule 1110.1
Emission Control Plan submitted by July 1, 1991, or an Approved
Emission Control Plan, designating the permanent removal of
engines or the replacement of engines with electric motors, in
accordance with subparagraph (d)(1)(B), shall do so by
December 31, 1999, or not operate the engines on or after
December 31, 1999 in a manner that exceeds the emission
concentration limits listed in Table I:

TABLE 1
ALTERNATIVE TO ELECTRIFICATION
CONCENTRATION LIMITS
NO, VOC co
(ppmvd)* (ppmvd)? (ppmvd)*
11 30 70

Parts per million by volume, corrected to 15% oxygen on a dry
basis and averaged over 15 minutes.
Parts per million by volume, measured as carbon, corrected to
15% oxygen on a dry basis and averaged over the sampling
time required by the test method.
(B) The operator of any—ether stationary engine not covered by
(d)(1)(A) and not exempt fromsubjeette this rule shall
() Remove such engine permanently from service or replace
the engine with an electric motor, or
(i) Not operate the engine in a manner that exceeds the

applicable emission concentration limits listed in either
Table Il or Table I1I-A or B.
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(September 7, 2012)
TABLE 11
CONCENTRATION LIMITS
NOy (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
bhp > 500: 36 250 2000
bhp < 500: 45
CONCENTRATION LIMITS
EFFECTIVE JULY 1, 2010
NO, (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
bhp > 500: 11 bhp>500:30 | bhp > 500: 250
bhp < 500: 45 bhp < 500: 250 | bhp < 500: 2000
CONCENTRATION LIMITS
EFFECTIVE JULY 1, 2011
NO, (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
11 30 250

1

Parts per million by volume, corrected to 15% oxygen on a
dry basis and averaged over 15 minutes.

Parts per million by volume, measured as carbon, corrected to
15% oxygen on a dry basis and averaged over the sampling
time required by the test method.

The concentration limits effective on and after July 1, 2010 shall
not apply to engines that operate less than 500 hours per year or
use less than 1 x 10° British Thermal Units (Btus) per year (higher
heating value) of fuel.

If the operator of a two-stroke engine equipped with an oxidation
catalyst and insulated exhaust ducts and catalyst housing
demonstrates that the CO and VOC limits effective on and after
July 1, 2010 are not achievable, then the Executive Officer may,
with United States Environmental Protection Agency (EPA)
approval, establish technologically achievable, case-by-case CO
and VOC limits in place of the concentration limits effective on
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and after July 1, 2010. The case-by-case limits shall not exceed
250 ppmvd VOC and 2000 ppmvd CO.

If the operator of an engine that uses non-pipeline quality natural
gas demonstrates that due to the varying heating value of the gas a
longer averaging time is necessary, the Executive Officer may
establish for the engine a longer averaging time, not to exceed six
hours, for any of the concentration limits of Table 1. Non-pipeline
quality natural gas is a gas that does not meet the gas specifications
of the local gas utility and is not supplied to the local gas utility.

(C)  Blebsithebondine e oo cione - cnloopaaean . LLULVER The

operator of any stationary engine fired by landfill or digesteer gas
(biogas) shall not operate the engine in a manner that exceeds the
emission concentration limits of Table IlI-A, provided that the
facility monthly average biogas usage by the biogas engines is
90% or more, based on the higher heating value of the fuels used.
The calculation of the monthly facility biogas use percentage may
exclude natural gas fired during: any electrical outage at the
facility; a Stage 2 or higher electrical emergencies called by the
California Independent System Operator Corporation; and when a
sewage treatment plant activates an Emergency Operations Center
or Incident Command System, as part of an emergency response
plan, because of either high influent flows caused by precipitation
or a disaster.
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TABLE III-A
CONCENTRATION LIMITS FOR LANDFILL
AND DIGESTEOR GAS_(BIOGAS)-FIRED ENGINES

NO, (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
bhp > 500: 36 x ECF® Landfill Gas: 40 2000
bhp < 500: 45 x ECF® |  Digesteer Gas: 250 x

ECF®
TABLE III-B
CONCENTRATION LIMITS
EFFECTIVE JANUARY 1, 2016
NOXx (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
11 30 250
CONCENTRATION-LIMITS
EEFECTIVE JULY 12012

Cesoup Somtennfor
o . NO,{pprveh 11 Juby-1-2015
— 1.
ity COtppama) 280 | guiys oot

Parts per million by volume, corrected to 15% oxygen on a dry
basis and averaged over 15 minutes.

Parts per million by volume, measured as carbon, corrected to
15% oxygen on a dry basis and averaged over the sampling time
required by the test method.

ECF is the efficiency correction factor.

The ECF shall be 1.0 unless:

1110.2 -8



Proposed Amended Rule 1110.2 (Cont.) (September 7, 2012)

(D)

(E)

E(F)

Q) The engine operator has measured the engine’s net specific
energy consumption (ga), in compliance with ASME
Performance Test Code PTC 17 -1973, at the average load
of the engine; and

(i)  The ECF-corrected emission limit is made a condition of
the engine’s permit to operate.

The ECF is as follows:

ECF= 9250 Btus/hp-hr
Measured g, in Btus/hp-hr
Measured g, shall be based on the lower heating value of the fuel.
ECF shall not be less than 1.0.

The Executive Officer may approve the burning of more than 10%
natural gas in a landfill or digesteer gas-fired engine, when it is
necessary, if: the only alternative to limiting natural gas to 10%
would be shutting down the engine and flaring more landfill or
digesteer gas; or the engine requires more natural gas in order for a
waste heat recovery boiler to provide enough thermal energy to
operate a sewage treatment plant, and other boilers at the facility
are unable to provide the necessary thermal energy.

i i " on_limits_offect]
mebelene b

Notwithstanding the provisions of subparagraph (d)(1)(B), the
operator of any stationary engine fired by landfill or digestesr gas
(biogas) shall not operate the engine in a manner that exceeds the
emission concentration limits of Table 1I.

Biogas engine operators that establish to the satisfaction of the
Executive Officer that they have complied with the emissions
limits of Table 111-B by January 1, 2015 will have their respective
engine permit application fees refunded.

Once an engine complies with the concentration limits as specified

in Table I11-B, there shall be no limit on the percentage of natural
gas burned.
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BYER(G) The concentration limits effective as specified in Table Ill-

B shall not apply to engines that operate fewer than 500 hours per
year or use less than 1 x 102 Btus per year (higher heating value) of

fuel.

HS(H) An operator of a biogas engine may determine compliance
with the NOx and/or CO limits of Table I11-B by utilizing a longer
averaging time as set forth below, provided the operator
demonstrates through CEMS data that the engine is achieving a
concentration at or below 9.9 ppmv for NOx and 225 ppmv for CO

if CO is elected for averaging), feach corrected to 15% O,), over a

4 month time period. An operator may utilize a monthly fixed
interval averaging time for the first 4 months of the retrofitted

engine’s operation and up to a 2432 hour fixed interval averaging
time thereafter. For purposes of determining compliance using a
longer averaging time:

)] An_operator shall not average data during one-minute
periods in which the underlying equipment is not operated
or_when the CEMS is undergoing zero or_calibration
checks, cylinder gas audits, or_routine maintenance in
accordance with the provisions in_Rules 218 and

218.1per Horati H.

(i) Notwithstanding the requirements of Rules 218 and 218.1,
for one-minute time periods where NOx and/or CO CEMS
data are greater than 95 percent of the Rule 218.1 Full
Scale Range while the underlying equipment is operating,
an operator shall use substitute data. Ferene-minute-time

equivalent to 3 times the NOx and/or CO emission limits in
Table I11-B (each corrected to 15% 0O2) shall be used as

substitute data.
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(iii¥) The intentional shutdown of a CEMS to circumvent the

emission limits of Table I[1I-B while the underlying
equipment is in operation shall constitute a violation of this

rule.

(iv)  The averaging provisions of this subparagraph shall not
apply to CEMS that are time shared by multiple biogas

engines.
e The operator of any new engine subject to subparagraph

(e)(1)(B) shall:

Q) Comply with the requirements of Best Available Control
Technology in accordance with Regulation XIII if the
engine requires a District permit; or

(i) Not operate the engine in a manner that exceeds the |
emission concentration limits in Table | if the engine does
not require a District permit.

&B(J) By February 1, 2009, the operator of a spark-ignited engine |
without a Rule 218-approved continuous emission monitoring
system (CEMS) or a Regulation XX (RECLAIM)-approved CEMS
shall equip and maintain the engine with an air-to-fuel ratio
controller with an oxygen sensor and feedback control, or other
equivalent technology approved by the Executive Officer, CARB
and EPA.

HE(K) New Non-Emergency Electrical Generators
Q) All new non-emergency engines driving electrical-

generators shall comply with the following emission
standards:
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(i)

TABLE IV
EMISSION STANDARDS FOR NEW
ELECTRICAL GENERATION ENGINES
Pollutant Emission Standard (lbs/MW-hr)1
NOXx 0.070
CcO 0.20
VOC 0.10°

1. The averaging time of the emission standards is 15
minutes for NOx and CO and the sampling time required
by the test method for VOC, except as described in the
following clause.

2. Mass emissions of VOC shall be calculated using a ratio of
16.04 pounds of VOC per Ib-mole of carbon.

Engines subject to this subparagraph that produce
combined heat and electrical power may include one
megawatt-hour (MW-hr) for each 3.4 million Btus of useful
heat recovered (MWg-hr), in addition to each MW-hr of
net electricity produced (MWe-hr). The compliance of
such engines shall be based on the following equation:

Lbs =  Lbs x Electrical Energy Factor (EEF)
MW-hr  MW,-hr
Where:

Lbs/MW-hr = The calculated emissions that shall
comply with the emission standards in
Table IV

Lbs/MW,-hr=The short-term engine emission limit
in pounds per MW e-hr of net electrical
energy produced, averaged over 15
minutes. The engine shall comply
with this limit at all times.

EEF =  The annual MW.-hrs of net electrical
energy produced divided by the sum of
annual MW.-hrs plus annual MW¢,-
hrs of useful heat recovered. The
engine operator shall demonstrate
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annually that the EEF is less than the
value required for compliance.

(iti)  For combined heat and power engines, the short-term
emission limits in Ibs/MW,-hr and the maximum allowed
annual EEF must be selected by operator and stated on the
operating permit.

(iv)  Notwithstanding Rule 2001, the requirements of this
subparagraph shall apply to NOx emissions from new non-
emergency engines driving electrical-generators subject to
Regulation XX (RECLAIM).

(v) This subparagraph does not apply to: engines installed prior
to February 1, 2008; engines issued a permit to construct
prior to February 1, 2008 and installed within 12 months of
the date of the permit to construct; engines for which an
application is deemed complete by October 1, 2007;
engines installed by an electric utility on Santa Catalina
Island; engines installed at remote locations without access
to natural gas and electric power; engines used to supply
electrical power to ocean-going vessels while at berth, prior
to January 1, 2014; or landfill or digesteer gas-fired engines |
that meet the requirements of subparagraph (d)(1)(C).

@) Portable Engines:
(A)  The operator of any portable engine generator subject to this rule
shall not use the portable generator for:

Q) Power production into the electric grid, except to maintain
grid stability during an emergency event or other
unforeseen event that affects grid stability; or

(i) Primary or supplemental power to a building, facility,
stationary source, or stationary equipment, except during
unforeseen interruptions of electrical power from the
serving utility, maintenance and repair operations, and
remote operations where grid power is unavailable. For
interruptions of electrical power, the operation of a portable
generator shall not exceed the time of the actual
interruption of power.
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(B)

(©)

(e) Compliance

This subparagraph shall not apply to a portable generator that
complies with emission concentration limits of Table | and the
other requirements in this rule applicable to stationary engines.

The operator of any portable diesel engine shall comply with the
applicable requirements of the Subchapter 7.5 Airborne Toxic
Control Measures for diesel particulate matter in Chapter 1,
Division 3, Title 17 of the California Code of Regulations.

The operator of any portable spark-ignited engine shall comply
with the applicable requirements of the Large Spark Ignition
Engine Fleet Requirements, Article 2, Chapter 15, Division 3,
Title 13 of the California Code of Regulations.

1) Agricultural Stationary Engines:

(A)

The operator of any agricultural stationary engine subject to this
rule and installed or issued a permit to construct prior to June 3,
2005 shall comply with subparagraph (d)(1)(B) and the other
applicable provisions of this rule in accordance with the
compliance schedules in Table V:

| TABLE V
COMPLIANCE SCHEDULES FOR STATIONARY
AGRICULTURAL ENGINES
| Action Required Tier 2 and Tier 3 Diesel Other Engines

Engines, Certified Spark-
Ignition Engines, and All
Engines at Facilities with
Actual Emissions Less
Than the Amounts in the

engines

Table of Rule 219(q)
Submit notification of January 1, 2006 January 1, 2006
applicability to the Executive
Officer
Submit to the Executive March 1, 2009 September 1, 2007

Officer applications for
permits to construct engine
modifications, control
equipment, or replacement
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TABLE V
COMPLIANCE SCHEDULES FOR STATIONARY
AGRICULTURAL ENGINES
Action Required Tier 2 and Tier 3 Diesel Other Engines |
Engines, Certified Spark-
Ignition Engines, and All
Engines at Facilities with
Actual Emissions Less
Than the Amounts in the
Table of Rule 219(q)
Initiate construction of September 30, 2009, or 30 | March 30, 2008, or
engine modifications, control | days after the permit to 30 days after the
equipment, or replacement | construct is issued, permit to construct
engines whichever is later is issued, whichever
is later
Complete construction and January 1, 2010, or 60 days | July 1, 2008, or 60
comply with applicable after the permit to days after the
requirements construct is issued, permit to construct
whichever is later Is issued, whichever
is later
Complete initial source March 1, 2010, or 120 days | September 1, 2008,
testing after the permit to or 120 days after the
construct is issued, permit to construct
whichever is later Is issued, whichever
is later

The notification of applicability shall include the following for

each engine:

Q) Name and mailing address of the operator

(i) Address of the engine location

(i) Manufacturer, model, serial number, and date of
manufacture of the engine

(iv)  Application number

(v) Engine type (diesel, rich-burn spark-ignition or lean-burn
spark-ignition)

(vi)  Engine fuel type

(vii)  Engine use (pump, compressor, generator, or other)

(viii) Expected means of compliance (engine replacement,
control equipment installation, or electrification)

(B)  The operator of any new agricultural stationary engine that is not
subject to the compliance schedule of subparagraph (e)(1)(A) for
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existing engines shall comply with the requirements of
| subparagraph (d)(1)(1542) immediately upon installation.
@) Non-Agricultural Stationary Engines:
(A)  The operator of any stationary engine not meeting the requirements
of subparagraphs (d)(1)(B) or (d)(1)(C) that go into effect in 2010
or later, shall comply with the compliance schedule in Table VI:

TABLE VI
COMPLIANCE SCHEDULE FOR NON
-AGRICULTURAL STATIONARY ENGINES
Applicable Compliance
Action Required Date
Submit to the Executive Twelve months before the
Officer applications for final compliance date
permits to construct engine
modifications, control
equipment, or replacement
engines
Initiate construction of Three months before the
engine modifications, control | final compliance date, or
equipment, or replacement 60 days after the permit to
engines construct is issued,
whichever is later
Complete construction and The final compliance date,
comply with applicable or 120 days after the permit
requirements to construct is issued,
whichever is later
Complete initial source 60 days after the final
testing compliance date in
(d)(D)(B) or (d)(1)(C), or
180 days after the permit to
construct is issued,
whichever is later

(B)  The operator of any stationary engine that elects to amend a permit
to operate to incorporate ECF-adjusted emission limits shall submit
to the Executive Officer an application for a change of permit
conditions by August 1, 2008, and comply with emission limits of
the previous version of this rule until February 1, 2009 when the
engine shall be in compliance with the emission limits of this rule.
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The operator of any stationary engine that is required to add
operating restrictions to a permit to operate to meet the
requirements of this rule shall submit to the Executive Officer an
application for a change of permit conditions by August 1, 2008.

3) Stationary Engine CEMS

(A)  The operator of any stationary engine with an existing CEMS shall
commence the reporting required by Rule 218 Subdivision (f) on
January 1, 2008. The first summary report for the six months
ending June 30, 2008 shall be due on July 30, 2008.

(B)  The operator of any stationary engine that is required to modify an
existing CEMS or install a CEMS on an existing engine shall
comply with the compliance schedule in Table VII. Public
agencies shall be allowed one year more than the dates in
Table VII, except for biogas engines.

TABLE VII
COMPLIANCE SCHEDULE FOR NEW OR MODIFIED CEMS
ON EXISTING ENGINES
Applicable Compliance Dates For:
Non-Biogas Non-Biogas
Engines Rated at | Engines Rated at
Action Required 750 bhp or More | Less than 750 bhp | Biogas Engines*

Submit to the Executive
Officer applications for
new or modified CEMS

August 1, 2008

August 1, 2009

January 1, 2011

Complete installation
and commence CEMS
operation, calibration,
and reporting
requirements

Within 180 days of
initial approval

Within 180 days of
initial approval

Within 180 days
of initial
approval

Complete certification
tests

Within 90 days of
installation

Within 90 days of
installation

Within 90 days
of installation

Submit certification
reports to Executive
Officer

Within 45 days
after tests are
completed

Within 45 days
after tests are
completed

Within 45 days
after tests are
completed

Obtain final approval of
CEMS

Within 1 year of
initial approval

Within 1 year of
initial approval

Within 1 year of
initial approval

* A biogas engine is one that is subject to the emission limits of Table I11.

1110.2 - 17




| Proposed Amended Rule 1110.2 (Cont.) (September 7, 2012)

(4)

()

(6)

Stationary Engine Inspection and Monitoring (1&M) Plans:

The operator of stationary engines subject to the I&M plan provisions of

subparagraph (f)(1)(D) shall:

(A) By August 1, 2008, submit an initial 1&M plan application to the
Executive Officer for approval;

(B) By December 1, 2008, implement an approved I&M plan or the
I&M plan as submitted if the plan is not yet approved.

Any operator of 15 or more stationary engines subject to the I&M plan

provisions shall comply with the above schedule for at least 50% of

engines, and for the remaining engines shall:

(C) By February 1, 2009, submit an initial 1&M plan application to the
Executive Officer for approval;

(D) By June 1, 2009, implement an approved 1&M plan or the I&M
plan as submitted if the plan is not yet approved.

Stationary Engine Air-to-Fuel Ratio Controllers

(A)  The operator of any stationary engine that does not have an air-to-
fuel ratio controller, as required by subparagraph (d)(1)(J+£), shall
comply with those requirements in accordance with the compliance
schedule in Table Vi, except that the application due date is no
later than May 1, 2008 and the initial source testing may be
conducted at the time of the testing required by subparagraph
(HAD)(C).

(B)  The operator of any stationary engine that has the air-to-fuel ratio
controller required by subparagraph (d)(1)(J+E), but it is not listed
on the permit to operate, shall submit to the Executive Officer an
application to amend the permit by April 1, 2008.

(C)  The operator of more than five engines that do not have air-to-fuel
ratio controllers may take an additional three months, to May 1,
2009, to install the equipment on up to 50% of the affected
engines.

New Stationary Engines

The operator of any new stationary engine issued a permit to construct

after February 1, 2008 shall comply with the applicable I&M or CEMS

requirements of this rule when operation commences. If applicable, the

operator shall provide the required information in subparagraph (f)(1)(D)

to the Executive Officer prior to the issuance of the permit to construct so
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that the 1&M procedures can be included in the permit. A separate I&M
plan application is not required.
(7) Biogas Engines

For any biogas engine for which the operator applies to the Executive

Officer by April 1, 2008 for a change of permit conditions for ECF-

corrected emission limits, or the approval to burn more than 10 percent

natural gas in accordance with subparagraph (d)(1)(CEC), the biogas
engine shall not be subject to the initial concentration limits of Tables Il or

I11 until August 1, 2008, provided the operator continues to comply with

all emission limits in effect prior to February 1, 2008.

(8) Compliance Schedule Exception

If an engine operator submits to the Executive Officer an application for

an administrative change of permit conditions to add a permit condition

that causes the engine permit to expire by the effective date of any
requirement of this rule, then the operator is not required to comply with
the earlier steps required by this subdivision for that requirement. The
effective date for the CEMS requirements shall be one year after the date
that a CEMS application is due.

€)] Exceedance of Usage Limits

(A)  If an engine was initially exempt from the new concentration limits
in subparagraph (d)(1)(B) or subparagraph (d)(1)(C) that take
effect on or after July 1, 2010 because of low engine use but later
exceeds the low-use criteria, the operator shall bring the engine
into compliance with the rule in accordance with the schedule in
Table VI with the final compliance date in Table VI being twelve
months after the conclusion of the first twelve-month period for
which the engine exceeds the low-use criteria.

(B)  If engines that were initially exempt from new CEMS by the low-
use criterion in subclause (f)(1)(A)(ii)(1) later exceed that criterion,
the operator shall install CEMS on those engines in accordance
with the schedule in Table VII, except that the date for submitting
the CEMS application in Table VII shall be six months after the
conclusion of the first twelve-month period for which the engines
exceed the criterion.
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()] Monitoring, Testing, Recordkeeping and Reporting
Stationary engines:
The operator of any engine subject to the provisions of paragraph (d)(1) of
this rule shall meet the following requirements:

1)

(A)  Continuous Emission Monitoring

(i)

(i)

For engines of 1000 bhp and greater and operating more
than two million bhp-hr per calendar year, a NO4 and CO
continuous emission monitoring system (CEMS) shall be
installed, operated and maintained in calibration to
demonstrate compliance with the emission limits of this

rule.

(1

(1

(1)

For facilities with engines subject to paragraph
(d)(1), having a combined rating of 1500 bhp or
greater at the same location, and having a combined
fuel usage of more than 16 x 10° Btus per year
(higher heating value), CEMS shall be installed,
operated and maintained in calibration to
demonstrate compliance of those engines with the
applicable NOy and CO emission limits of this rule.

Any engine that as of October 1, 2007 is located
within 75 feet of another engine (measured from
engine block to engine block) is considered to be at
the same location. Operators of new engines shall
not install engines farther than 75 feet from another
engine unless the operator demonstrates to the
Executive Officer that operational needs or space
limitations require it.

The following engines shall not be counted toward
the combined rating or required to have a CEMS by
this clause: engines rated at less than 500 bhp;
standby engines that are limited by permit
conditions to only operate when other primary
engines are not operable; engines that are limited by
permit conditions to operate less than 1000 hours
per year or a fuel usage of less than 8 x 10° Btus per
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year (higher heating value of all fuels used); engines
that are used primarily to fuel public natural gas
transit vehicles and that are required by a permit
condition to be irreversibly removed from service
by December 31, 2014; and engines required to
have a CEMS by the previous clause. A CEMS
shall not be required if permit conditions limit the
simultaneous use of the engines at the same location
in a manner to limit the combined rating of all
engines in simultaneous operation to less than 1500
bhp.

(IV)  For engines rated below 1000 bhp, the CEMS may
be time shared by multiple engines.

(V)  Operation of engines by the electric utility in the
Big Bear Lake area during the failure of a
transmission line to the utility may be excluded
from an hours-per-year or fuel usage limit that is
elected by the operator pursuant to subclause
QIOVGVDIUDE

(VD) In lieu of complying with subclause (f)(1)(A)(ii)(1),
an operator that is a public agency, or is contracted
to operate engines solely for a public agency, may
comply with the Inspection and Monitoring Plan
requirements of subparagraph (f)(1)(D), except that
the operator shall conduct emission checks at least
weekly or every 150 operating hours, whichever
occurs later. If any such engine is found to exceed
an applicable NOx or CO limit by a source test
required by subparagraph (f)(1)(C) or District test
using a portable analyzer on three or more
occasions in any 12-month period, the operator shall
comply with the CEMS requirements of this
subparagraph for such engine in accordance with
the compliance schedule of Table VII, except that
the operator shall submit a CEMS application to the
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(iii)

(iv)

(v)

Executive Officer within six months of the third
exceedance.

All CEMS required by this rule shall:

()] Comply with the applicable requirements of
Rule 218, including equipment specifications and
certification, operating, recordkeeping, quality
assurance and reporting requirements, except as
otherwise authorized by this rule;

(1) Include equipment that measures and records
exhaust gas concentrations, both uncorrected and
corrected to 15 percent oxygen on a dry basis; and

(1)  Have data gathering and retrieval capability
approved by the Executive Officer

The operator of an engine that is required to install CEMS
may request the Executive Officer to approve an alternative
monitoring device (or system components) to demonstrate
compliance with the emission limits of this rule. The
applicant shall demonstrate to the Executive Officer that
the proposed alternative monitoring device is at a minimum
equivalent in relative accuracy, precision, reliability, and
timeliness to a CEMS for that engine, according to the
criteria specified in 40 CFR Part 75 Subpart E. In lieu of
the criteria specified in 40 CFR Part 75 Subpart E,
substitute criteria is acceptable if the applicant
demonstrates to the Executive Officer that the proposed
alternative monitoring device is at minimum equivalent in
relative accuracy, precision, reliability, and timeliness to a
CEMS for that engine. Upon approval by the Executive
Officer, the substitute criteria shall be submitted to EPA as
an amendment to the State Implementation Plan (SIP).

If the alternative monitoring device is denied or fails to be
recertified, a CEMS shall be required.

Notwithstanding the requirements of Rules 218 and 218.1,
operators of engines that are required to install a CEMS by
clause (f)(1)(A)(ii) of this subparagraph may:
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(vi)

()] Store data electronically without a strip chart
recorder, but there shall be redundant data storage
capability for at least 15 days of data. The operator
must demonstrate that both sets of data are
equivalent.

(1) Conduct relative accuracy testing on the same
schedule for source testing in clause (f)(1)(C)(i),
instead of annually. The minimum sampling time
for each test is 15 minutes.

Notwithstanding the requirements of Rules 218 and 218.1,

operators of engines that are required to install a CEMS by

clause (ii) of this subparagraph, and that are to be
monitored by a timeshared CEMS, may:

()] Monitor an engine with the CEMS for 15
consecutive minutes, purge for the minimum
required purge time, then monitor the next engine
for 15 consecutive minutes. The CEMS shall
operate continuously in this manner, except for
required calibrations.

(1) Record the corrected and uncorrected NOx, CO and
diluent data at least once per minute and calculate
and record the 15-minute average corrected
concentrations for each sampling period.

(1) Have sample lines to each engine that are not the
same length. The purge time will be based on the
sample line with the longest response time.
Response times shall be checked during cylinder
gas audits. Sample lines shall not exceed 100 feet
in length.

(V)  Conduct a minimum of five tests for each engine
during relative accuracy tests.

(V)  Perform a cylinder gas audit every calendar quarter
on each engine, except for engines for which
relative accuracy testing was conducted that quarter.

(VI) Exclude monitoring of nitrogen dioxide (NO;) for
rich-burn  engines, unless  source  testing
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(B)

(©)

(vii)

(viii)

demonstrates that NO, is more than 10 percent of
total NOKx.

(VIl) Conduct daily calibration error (CE) tests by
injecting calibration gases at the analyzers, except
that at least once per week the CE test shall be
conducted by injecting calibration gases as close to
the probe tip as practical.

(V1) Stop operating and calibrating the CEMs during any
period that the operator has a continuous record that
the engine was not in operation.

A CO CEMS shall not be required for lean-burn engines or

an engine that is subject to Regulation XX (RECLAIM),

and not required to have a NOx CEMS by that regulation.

Notwithstanding the requirements of this paragraph and

paragraph (c)(2) of Rule 2012, an operator may take an

existing NOx CEMS out of service for up to two weeks

(cumulative) in order to modify the CEMS to add CO

monitoring.

Elapsed Time Meter

Maintain an operational non-resettable totalizing time meter to
determine the engine elapsed operating time.

Source Testing

(i)

Effective August 1, 2008, conduct source testing for NOy,
VOC reported as carbon, and CO concentrations
(concentrations in ppm by volume, corrected to 15 percent
oxygen on dry basis) at least once every two years, or every
8,760 operating hours, whichever occurs first. Relative
accuracy tests required by Rule 218.1 or 40 CFR Part 75
Subpart E will satisfy this requirement for those pollutants
monitored by a CEMS. The source test frequency may be
reduced to once every three years if the engine has operated
less than 2,000 hours since the last source test. If the
engine has not been operated within three months of the
date a source test is required, the source test shall be
conducted when the engine resumes operation for a period
longer than either seven consecutive days or 15 cumulative
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days of operation. The operator of the engine shall keep
sufficient operating records to demonstrate that it meets the
requirements for extension of the source testing deadlines.

(i) Conduct source testing for at least 30 minutes during
normal operation (actual duty cycle). This test shall not be
conducted under a steady-state condition unless it is the
normal operation. In addition, conduct source testing for
NOx and CO emissions for at least 15 minutes at: an
engine’s actual peak load, or the maximum load that can be
practically achieved during the test, and; at actual minimum
load, excluding idle, or the minimum load that can be
practically achieved during the test. These additional two
tests are not required if the permit limits the engine to
operating at one defined load, =+ 10%. No pre-tests for
compliance are permitted. The emission test shall be
conducted at least 40 operating hours, or at least 1 week,
after any engine servicing or tuning. If an emission
exceedance is found during any of the three phases of the
test, that phase shall be completed and reported. The
operator shall correct the exceedance, and the source test
may be immediately resumed.

(ii)  Use a contractor to conduct the source testing that is
approved by the Executive Officer under the Laboratory
Approval Program for the necessary test methods.

(iv)  Submit a source test protocol to the Executive Officer for
written approval at least 60 days before the scheduled date
of the test. The source test protocol shall include the name,
address and phone number of the engine operator and a
District-approved source testing contractor that will
conduct the test, the application and permit number(s),
emission limits, a description of the engine(s) to be tested,
the test methods and procedures to be used, the number of
tests to be conducted and under what loads, the required
minimum sampling time for the VOC test, based on the
analytical detection limit and expected VOC levels, and a
description of the parameters to be measured in accordance
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(v)

(vi)

(vii)

with the I&M plan required by subparagraph (f)(1)(D).
The source test protocol shall be approved by the Executive
Officer prior to any testing. The operator is not required to
submit a protocol for approval if: there is a previously
approved protocol that meets these requirements; the
engine has not been altered in a manner that requires a
permit alteration; and emission limits have not changed
since the previous test. If the operator submits the protocol
by the required date, and the Executive Officer takes longer
than 60 days to approve the protocol, the operator shall be
allowed the additional time needed to conduct the test.

Provide the Executive Officer at least 30 days prior notice

of any source test to afford the Executive Officer the

opportunity to have an observer present. If after 30 days

notice for an initially scheduled performance test, there is a

delay (due to operational problems, etc.) in conducting the

scheduled performance test, the engine operator shall notify
the Executive Officer as soon as possible of any delay in
the original test date, either by providing at least seven days
prior notice of the rescheduled date of the performance test,
or by arranging a rescheduled date with the Executive

Officer by mutual agreement.

Submit all source test reports, including a description of the

equipment tested, to the Executive Officer within 60 days

of completion of the test.

By February 1, 2009, provide, or cause to be provided,

source testing facilities as follows:

()] Sampling ports adequate for the applicable test
methods.  This includes constructing the air
pollution control system and stack or duct such that
pollutant  concentrations can be accurately
determined by applicable test methods;

(I  Safe sampling platform(s), scaffolding or
mechanical lifts, including safe access, that comply
with California General Safety Orders. Agricultural
stationary engines are excused from this subclause
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(D)

if they are in remote locations without electrical
power;

(1) Utilities for sampling and testing equipment.
Agricultural stationary engines are exempt from this
subclause if they are on wheels and moved to
storage during the off season.

Inspection and Monitoring (1&M) Plan

Submit to the Executive Officer for written approval and

implement an 1&M plan. One plan application is required for each

facility. The I&M plan shall include:

M Identification of engine and control equipment operating
parameters necessary to maintain pollutant concentrations
within the rule and permit limits. This shall include, but
not be limited to:

()] Procedures for using a portable NOx, CO and
oxygen analyzer to establish the set points of the
air-to-fuel ratio controller (AFRC) at 25%, 60% and
95% load (or fuel flow rate), = 5%, or the
minimum, midpoint and maximum loads that
actually occur during normal operation, + 5%, or at
any one load within the + 10% range that an engine
permit is limited to in accordance with clause
(HD)(C)(i);

(1)  Procedures for verifying that the AFRC is
controlling the engine to the set point during the
daily monitoring required by clause (f)(1)(D)(iv);

(1) Procedures for reestablishing all AFRC set points
with a portable NOx, CO and oxygen analyzer
whenever a set point must be readjusted, within 24
hours of an oxygen sensor replacement, and, for
rich-burn engines with three way catalysts, between
100 and 150 engine operating hours after an oxygen
sensor replacement;

(IV)  For engines with catalysts, the maximum allowed
exhaust temperature at the catalyst inlet, based on
catalyst manufacturer specifications;
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(i)

(iii)

(V)  For lean-burn engines with selective -catalytic
control devices, the minimum exhaust temperature
at the catalyst inlet required for reactant flow
(ammonia or urea), and procedures for using a
portable NOx and oxygen analyzer to establish the
acceptable range of reactant flow rate, as a function
of load.

Parameter monitoring is not required for diesel engines

without exhaust gas recirculation and catalytic exhaust

control devices.

Procedures for alerting the operator to emission control

malfunctions. Engine control systems, such as air-to-fuel

ratio controllers, shall have a malfunction indicator light
and audible alarm.

Procedures for at least weekly or every 150 engine

operating hours, whichever occurs later, emissions checks

by a portable NOx, CO and oxygen analyzer.

()] If an engine is in compliance for three consecutive
emission checks, without any adjustments to the
oxygen sensor set points, then the engine may be
checked monthly or every 750 engine operating
hours, whichever occurs later, until there is a
noncompliant emission check or, for rich-burn
engines with three-way catalysts, the oxygen sensor
is replaced._ When making adjustments to the
oxygen sensor set points, returning to a more
frequent emission check schedule is not required if
the engine is in compliance with the applicable
emission limits prior to and after the set point
adjustments, notwithstanding the requirements of
(O Q)D)(ii) (V).

(1) For diesel engines and other lean-burn engines that
are subject to Regulation XX or have a NOx CEMs,
and that are subject to a CO limit more stringent
than the 2000 ppmvd limit of Tables Il or Ill, a CO
emission check shall be performed at least
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(iv)

quarterly, or every 2,000 engine operating hours,
whichever occurs later.

(1) For diesel engines and other lean-burn engines that
are subject to Regulation XX or have a NOx CEMs,
and that are not subject to a CO limit more stringent
than the 2000 ppmvd limit of Tables Il or IlI,
emission checks are not required.

(IV)  No engine or control system maintenance or tuning
may be conducted within 72 hours prior to the
emission check, unless it is an unscheduled,
required repair.

(V) The portable analyzer shall be calibrated,
maintained and operated in accordance with the
manufacturer’s specifications and recommendations
and the Protocol for the Periodic Monitoring of
Nitrogen Oxides, Carbon Monoxide, and Oxygen
from Stationary Engines Subject to South Coast Air
Quality Management District Rule 1110.2,
approved on February 1, 2008, or subsequent
protocol approved by EPA and the Executive
Officer.

Procedures for at least daily monitoring, inspection and

recordkeeping of:

()] engine load or fuel flow rate;

(1) the set points, maximums and acceptable ranges of
the parameters identified by clause (f)(1)(D)(i), and
the actual values of the same parameters;

(1) the engine elapsed time meter operating hours;

(IV) the operating hours since the last emission check
required by clause (f)(1)(D)(iii); |

(V)  for rich-burn engines with three-way catalysts, the
difference of the exhaust temperatures (AT) at the
inlet and outlet of the catalyst (changes in the AT
can indicate changes in the effectiveness of the
catalyst);
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(v)

(vi)

(vii)

(viii)

(VI) engine control system and AFRC system faults or
alarms that affect emissions.

The daily monitoring and recordkeeping may be done in

person by the operator, or by remote monitoring.

Procedures for responding to, diagnosing and correcting

breakdowns, faults, malfunctions, alarms, emission checks

finding emissions in excess of rule or permit limits, and
parameters out-of-range.

Q) For a breakdown resulting in a violation of this rule
or a permit condition, or for an emission check that
finds emissions in excess of those allowed by this
rule or a permit condition, the operator shall correct
the problem and demonstrate compliance with
another emission check, or shut down an engine by
the end of an operating cycle, or within 24 hours
from the time the operator knew of the breakdown
or excess emissions, or reasonably should have
known, whichever is sooner.

(1) For other problems, such as parameters out-of-
range, an operator shall correct the problem and
demonstrate compliance with another emission
check within 48 hours of the operator first knowing
of the problem.

(1) An operator shall not be considered in violation of
the emission limits of this rule or in permit
conditions if the operator complies with this
subparagraph and the reporting requirements of
subparagraph (f)(1)(H).  Any emission check
conducted by District staff that finds excess
emissions is a violation.

Procedures and schedules for preventive and corrective

maintenance.

Procedures for reporting noncompliance to the Executive

Officer in accordance with subparagraph (f)(1)(H).

Procedures and format for the recordkeeping of monitoring

and other actions required by the plan.
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(E)

(F)

(ix)  Procedures for plan revisions. Before any change in I&M
plan operations can be implemented, the revised 1&M plan
shall be submitted to and approved by the Executive
Officer. The operator shall apply for a plan revision prior
to any change in emission limits or control equipment.

x) An engine is not subject to this subparagraph if it is
required by this rule to have a NOx and CO CEMS, or
voluntarily has a NOx and CO CEMS that complies with
this rule.

Operating Log

Maintain a monthly engine operating log that includes:

M Total hours of operation;

(i) Type of liquid and/or type of gaseous fuel,

(iii)  Fuel consumption (cubic feet of gas and gallons of liquid);
and

(iv)  Cumulative hours of operation since the last source test
required in subparagraph (f)(1)(C).

Facilities subject to Regulation XX may maintain a quarterly log

for engines that are designated as a process unit on the facility

permit.

New Non-Emergency Electrical Generating Engines

Operators of engines subject to the requirements of subparagraph

(d)(1)(K3JF) shall also meet the following requirements.

Q) The engine generator shall be monitored with a calibrated
electric meter that measures the net electrical output of the
engine generator system, which is the difference between
the electrical output of the generator and the electricity
consumed by the auxiliary equipment necessary to operate
the engine generator.

(i) For engines monitored with a CEMS, the emissions of the
monitored pollutants in ppmvd corrected to 15% 02, Ibs/hr,
and Ibs/MW,-hr and the net MW,-hrs produced shall be
calculated and recorded for the four 15-minute periods of
each hour of operation. The mass emissions of NOx shall
be calculated based on the measured fuel flow and one of
the F factor methods of 40 CFR 60, Appendix A, Method
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(iii)

(iv)

(v)

(vi)

19, or other method approved by the Executive Officer.
Mass emissions of CO shall be calculated in the same
manner as NOXx, except that the ppmvd CO shall be
converted to Ib/scf using a conversion factor of 0.727 x
107

For NOx and CO emissions from engines not monitored
with a CEMS and VOC emissions from all engines, the
emissions of NOx, CO and VOC in Ibs/MW,-hr shall be
calculated and recorded whenever the pollutant is measured
by a source test or emission check. Mass emissions of NOx
and CO shall be calculated in the same manner as the
previous clause. Mass emissions of VOC shall be
calculated in the same manner, except that the ppmvd VOC
as carbon shall be converted to Ib/scf using a conversion
factor of 0.415 x 10™.

For engines generating combined heat and power that rely
on the EEF to comply with Table IV emission standards,
the daily and annual useful heat recovered (MW ,-hrs), net
electrical energy generated (MW,-hrs) and EEF shall be
monitored and recorded.

Other methods of calculating mass emissions than those
specified, such as by direct measurement of exhaust
volume, may be used if approved by the Executive Officer.
All monitoring, calculation, and recordkeeping procedures
must be approved by the Executive Officer.

Operators of combined heat and power engines shall submit
to the Executive Officer the reports of the following
information within 15 days of the end of the first year of
operation, and thereafter within 15 days of the end of each
calendar year: the annual net electrical energy generated
(MWe-hrs); the annual useful heat recovered (MW-hrs),
the annual EEF calculated in accordance with clause
(d)(1)(KZF)(i1); and the maximum annual EEF allowed by
the operating permit. If the actual annual EEF exceeds the
allowed EEF, the report shall also include the time periods
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(G)

(H)

and emissions for all instances where emissions exceeded

any emission standard in Table 1V.

Portable Analyzer Operator Training

The portable analyzer tests required by the 1&M Plan requirements

of subparagraph (f)(1)(D) shall only be conducted by a person who

has completed an appropriate District-approved training program

in the operation of portable analyzers and has received a

certification issued by the District.

Reporting Requirements

() The operator shall report to the Executive Officer, by
telephone (1-800-CUT-SMOG or 1-800-288-7664) or other
District-approved method, any breakdown resulting in
emissions in excess of rule or permit emission limits within
one hour of such noncompliance or within one hour of the
time the operator knew or reasonably should have known
of its occurrence. Such report shall identify the time,
specific location, equipment involved, responsible party to
contact for further information, and to the extent known,
the causes of the noncompliance, and the estimated time for
repairs. In the case of emergencies that prevent a person
from reporting all required information within the one-hour
limit, the Executive Officer may extend the time for the
reporting of required information provided the operator has
notified the Executive Officer of the noncompliance within
the one-hour limit.

(i) Within seven calendar days after the reported breakdown
has been corrected, but no later than thirty calendar days
from the initial date of the breakdown, unless an extension
has been approved in writing by the Executive Officer, the
operator shall submit a written breakdown report to the
Executive Officer which includes:

()] An identification of the equipment involved in
causing, or suspected of having caused, or having
been affected by the breakdown;

(1) The duration of the breakdown;
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(iii)

(1) The date of correction and information
demonstrating that compliance is achieved;

(IV)  An identification of the types of excess emissions, if
any, resulting from the breakdown;

(V) A quantification of the excess emissions, if any,
resulting from the breakdown and the basis used to
quantify the emissions;

(VI) Information substantiating whether the breakdown
resulted from operator error, neglect or improper
operation or maintenance procedures;

(VI1) Information substantiating that steps were
immediately taken to correct the condition causing
the breakdown, and to minimize the emissions, if
any, resulting from the breakdown;

(V) A description of the corrective measures undertaken
and/or to be undertaken to avoid such a breakdown
in the future; and

(IX)  Pictures of any equipment which failed, if available.
Within 15 days of the end of each calendar quarter, the
operator shall submit to the Executive Officer a report that
lists each occurrence of a breakdown, fault, malfunction,
alarm, engine or control system operating parameter out of
the acceptable range established by an 1&M plan or permit
condition, or an emission check that finds excess emissions.
Such report shall be in a District-approved format, and for
each incident shall identify the time of the incident, the
time the operator learned of the incident, specific location,
equipment involved, responsible party to contact for further
information, to the extent known the causes of the event,
the time and description of corrective actions, including
shutting an engine down, and the results of all portable
analyzer NOx and CO emissions checks done before or
after the corrective actions. The operator shall also report
if no incidents occurred.
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(9)

(h)

@) Portable engines:
The operator of any portable engine shall maintain a monthly engine
operating log that includes:
0] Total hours of operation; or
(i)  Type of liquid and/or type of gaseous fuel; and
(i)  Fuel consumption (cubic feet of gas and gallons of liquid).
Facilities subject to Regulation XX may maintain a quarterly log for
engines that are designated as a process unit on the facility permit.

3) Recordkeeping for All Engines
All data, logs, test reports and other information required by this rule shall
be maintained for at least five years and made available for inspection by
the Executive Officer.

Test Methods

Testing to verify compliance with the applicable requirements shall be conducted
in accordance with the test methods specified in Table VIII, or any test methods
approved by CARB and EPA, and authorized by the Executive Officer.

TABLE VIII
TESTING METHODS

Pollutant Method

NOy District Method 100.1

CO District Method 100.1

VOC District Method 25.1* or District Method 25.3*

* Excluding ethane and methane
A violation of any standard of this rule established by any of the specified test
methods, or any test methods approved by the CARB or EPA, and authorized by
the Executive Officer, shall constitute a violation of this rule.

Alternate Compliance Option

(1) In lieu of complying with the applicable emission limits by the effective

date specified in Table 111-B, owners or operators of biogas-fired units that

operate under long term fixed price power purchase agreements that have

been entered into prior to February 1, 2008 and extend beyond January 1,
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2016 may elect to defer compliance by up to two years and no later than

January 1, 2018, provided the owner or operator:

(A)  Submits an alternate compliance plan and pays a Compliance
Flexibility Fee, as provided for in paragraph (h)(2), to the
Executive Officer at least 150 days prior to the applicable
compliance date in Table 111-B, and

B Maintains on-site a copy of verification of Compliance Flexibilit
Fee payment and AQMD approval of the alternate compliance plan

that shall be made available upon request to AQMD staff.
2 Plan Submittal

The alternate compliance plan submitted pursuant to paragraph (h)(1) shall
include:
(A) A completed AQMD Form 400A with company name, AQMD

Facility ID, identification that application is for a compliance plan
(Section 7a of form), and identification that request is for Rule
1110.2 Compliance Flexibility Fee option (Section 9 of form);

B Attached documentation of unit permit ID, unit rated brake
horsepower (bhp), and fee calculation;

C Proof that the power purchase agreement was entered into prior to
February 1, 2008 and extends beyond January 1, 2016.

(D) _ Filing Fee payment; and

(E) Compliance Flexibility Fee payment as calculated by the following
equation:

CEE=Dbhp xR XY

Where,

CFF = Compliance Flexibility Fee, $
bhp = rated brake horsepower of unit
R = Fee Rate = $47 per brake horsepower per year
Y = Number of years (up to 2 years for engines required to compl
by January 1, 2016)
(3) Usage of Compliance Flexibility Fee funds
The funds collected from the Compliance Flexibility Fee will be applied to
AQMD NOXx reduction programs pursuant to protocols approved under

District rules.
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(is)  Exemptions

The provisions of subdivision (d) shall not apply to:

1) All orchard wind machines powered by an internal combustion engine.

@) Emergency standby engines, engines used for fire-fighting and flood
control, and any other emergency engines approved by the Executive
Officer, which have permit conditions that limit operation to 200 hours or
less per year as determined by an elapsed operating time meter, and
agricultural emergency standby engines that are exempt from a District
permit and operate 200 hours or less per year as determined by an elapsed
operating time meter.

3 Laboratory engines used in research and testing purposes.

4) Engines operated for purposes of performance verification and testing of

engines.
%) Auxiliary engines used to power other engines or gas turbines during start-
ups.

(6) Portable engines that are registered under the state registration program
pursuant to Title 13, Article 5 of the CCR.

(7) Nonroad engines, with the exception that subparagraph (d)(2)(A) shall
apply to portable generators.

(8) Engines operating on San Clemente Island; and engines operated by the

County of Riverside for the purpose of public safety communication at

Santa Rosa Peak in Riverside County, where the site is located at an

elevation of higher than 7,400 feet above sea level and is without access

to electric power and natural gas.
9) Agricultural stationary engines provided that:

(A)  The operator submits documentation to the Executive Officer by
the applicable date in Table V when permit applications are due
that the applicable electric utility has rejected an application for an
electrical line extension to the location of the engines, or the
Executive Officer determines that the operator does not qualify,
due to no fault of the operator, for funding authorized by California
Health and Safety Code Section 44229; and

(B) The operator replaces the engines, in accordance with the
compliance schedule of Table IX, with engines certified by CARB
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to meet the Tier 4 emission standards of 40 CFR Part 1039
Section 1039.101, Table 1. These Tier 4 replacement engines shall
be considered to comply with Best Available Control Technology;

and

(©)

The operator does not operate the Tier 4 engines in a manner that

exceeds the not-to-exceed standards of 40 CFR Section 1039.101,
Paragraph (e), as determined by the test methods of subdivision (g)

of this rule.

TABLE IX
COMPLIANCE SCHEDULE FOR INSTALLATION OF NEW
TIER 4 STATIONARY AGRICULTURAL ENGINES

Action Required

Due Date

Submit to the Executive Officer
applications for permits to
construct engine modifications,
control equipment, or
replacement engines

March 1, 2013

Initiate construction of engine
modifications, control equipment,
or replacement engines

September 30, 2013, or 30 days after the
permit to construct is issued, whichever
is later

Complete construction and
comply with applicable
requirements

January 1, 2014, or 60 days after the
permit to construct is issued, whichever
is later

Complete initial source testing

March 1, 2014, or 120 days after the
permit to construct is issued, whichever
is later

(10)

1)

(12)

An engine start-up, until sufficient operating temperatures are reached for
proper operation of the emission control equipment, and an engine
shutdown period. The start-up periods shall not exceed 30 minutes, unless
the Executive Officer approves a longer period not exceeding 2 hours for
an engine and makes it a condition of the engine permit.

An engine start-up, after an engine overhaul or major repair requiring
removal of a cylinder head, for a period not to exceed four operating

hours.

The initial commissioning of a new engine for a period specified by permit
conditions, provided the operator takes measures to reduce emissions and
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the duration of the commissioning to the extent possible.  The
commissioning period shall not exceed 150 operating hours.
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EXECUTIVE SUMMARY

The South Coast Air Quality Management District (AQMD) is the air pollution control
agency for al of Orange County and the urban portions of Los Angeles, Riverside and
San Bernardino counties. AQMD isresponsible for controlling emissions primarily from
non-vehicular sources of air pollution.

Rule 1110.2 regulates oxides of nitrogen (NOx), carbon monoxide (CO), and volatile
organic compound (VOC) emissions from liquid and gas fueled internal combustion
engines operating in the AQMD producing more than 50 rated brake horsepower (bhp).
The rule was adopted in 1990 and last amended in 2010 to add an exemption affecting a
remote public safety communications site.

The amendment in 2008 set concentration limits for landfill and digester gas-fired
engines to become effective on July 1, 2012, subject to a Technology Assessment. The
biogas emission standards adopted in 2008, except for CO, were equivalent to the current
Best Available Control Technology (BACT) standard. Biogas engines regulated by this
rule include approximately 55 engines operated by 13 public and private operators of
landfills and wastewater treatment plants. The rule and the adopting resolutions directed
staff to conduct and complete a Technology Assessment before July 2010 to confirm the
achievability of the July 1, 2012 compliance limits for biogas engines. If the Technology
Assessment could not confirm the 2012 limits' achievability, the 2012 limits would not
be treated as effective.

District staff presented an Interim Report on the Technology Assessment for Rule 1110.2
Biogas Engines to the Governing Board in July 2010. The report pointed to two potential
technol ogies that were a part of demonstration projects in the basin. However, the permit
moratorium in 2009 caused a delay in the startup of these projects. One pilot study has
since been successfully completed, but the other demonstration project’s startup and
completion has been affected by other unforeseen delays. The Interim Technology
Assessment mentioned the possible necessity of an adjustment to the July 1, 2012
effective date to facilitate the completion of the technology assessment and
implementation of the 2008 amendment.

The proposed amendments will:

e Re-establish the effectiveness of the previously adopted 2012 [imits. Allow biogas
engine operators-three-to four three and a half more years to comply with the 2012
emission limits. The new effectwe date WI|| be Januaryduly 1, 20165 for al

b|oqas enQ| nes.the P ,

* Provide a compliance option with alonger averaging time to engine operators that
can demonstrate through continuous emission monitoring systems (CEMYS) data
mass emission levels at least 10 percent lower than allowable under the rule's
proposed concentration limits for NOx and CO. The feasibility of the lower mass
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emissions was demonstrated by the recently completed pilot study by Orange
County Sanitation District (OCSD), which indicated that lower NOx mass
emissions can be achieved in conjunction with longer averaging times. This
longer averaging time would be allowed provided that the CEMS data routinely
shows emission levels below 11 ppm for NOx and below 250 ppm for CO.

e Provide an alternate compliance option to give operators under long term fixed
price power purchase agreements entered into prior to the February 1, 2008
amendments and extending beyond the January 1, 2016 compliance date
additional time (up to two years beyond the compliance date) to comply with the
emission limits with the payment of a compliance flexibility fee.

e Biogas engines achieving early compliance (i.e. January 1, 2015) will have their
permit application fees refunded.

The project will result in 0.9 tons per day of NOx reductions, 0.5 tons per day of VOC
reductions, and 20 tons per day of CO reductions. The range of cost effectiveness using
the District model is between $1,700 and $3,500 per ton of combined NOx, VOC, and
CO reduced (NOx + VOC+ 1/7 CO). Cost effectiveness was calculated based on actual
control costs for installations in the Basin and in the Bay Area. Staff also added costs for
additional gas cleanup and a 20% capital cost contingency to arrive at an upper cost
effectiveness range between $2,600 and $5,900 per ton. It should be noted that recently
adopted AQMD NOx regulations ranged in cost effectiveness from $10,000 to $30,000
per ton.

District staff has met on several occasions with stakeholders and the affected community
to discuss the feasibility of the required controls and their cost effectiveness. Staff has
also met individually with nearly every affected facility operator to discuss site-specific
issues. Information on Selective Catalytic Reduction (SCR)/catalytic oxidation-based
after treatment technology from the two projectsin this Basin and in the Bay Areato date
provides ample evidence in support of the feasibility of the proposed limits and the
completion of the Technology Assessment. However, on-going demonstration projects
with aternate technologies, if successful, could also provide our stakeholders with
additional useful information and alternate compliance routes. Staff intends to continue
the technology review efforts with stakeholders even after the completion of this
rulemaking process.
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INTRODUCTION

The Cadlifornia Health and Safety Code requires the AQMD to adopt an Air Quality
Management Plan (AQMP) to meet state and federal ambient air quality standards and
adopt rules and regulations that carry out the objectives of the AQMP. The California
Health and Safety Code also requires the AQMD to implement all feasible measures to
reduce air pollution. The 2007 AQMP has found that additional reductions are needed to
meet the more stringent federal ozone and particulate matter standards. Reductions in
NOx will help in mainattaining the federal 24-hour average PM, 5 standard in 20149,
while reductions in NOx and VOC will aid in attaining the ozone standard in 2023.
Figure 1 shows the projected baseline emissions for NOx and VOC and the required
emissions to achieve the ozone standard in 2023. Further NOx and VVOC reductions from
Rule 1110.2 biogas engines are essential for achieving compliance with federal and state
ambient air quality standards for PM2.5 and ozone.
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Figure 1. NOx and VOC Baseline Emissions and Emissions Needed to Achieve the
2023 Ozone Standard

Engines that are fueled by biogas (landfill or digester gas) make up about 7% of
stationary, non-emergency engines in the AQMD. Of all the combustion sources, these
engines inherently have the highest emissions. Rule 1110.2, “Emissions from Gaseous-
and Liquid-Fueled Engines,” was first adopted in 1990 to address emissions from
stationary engines in this category. Since the first adoption of the rule, advances in low
NOx burner and post combustion control technology have been demonstrated and
implemented on several categories of combustion equipment. In contrast, the current
NOx concentration BACT and rule limits for biogas engines are at least twelve times
higher than allowed by AQMD boiler rules.

Projected NOx emissions reductions from biogas engines achieving the emissions limits
set in the 2008 rule amendment were not included in the State Implementation Plan (SIP)
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during the 2008 amendment because they were contingent on the completion of a
Technology Assessment. However, sufficient information currently exists for the
completion of the Final Technology Assessment to support the current amendment of this
rule. As aresult, the NOx reductions from biogas engines will be incorporated into the
SIP to further promote the District’s efforts towards the attainment of federal and state
PM, 5 and ozone air quality standards.

REGULATORY HISTORY

Rule 1110.2 — Emissions from Gaseous- and Liquid-Fired Engines was adopted by the
AQMD Governing Board on August 3, 1990. It required that either 1) NOx emissions be
reduced over 90% to one of two compliance limits specified by the rule, or; 2) the
engines be permanently removed from service or replaced with electric motors. It was
amended in September 1990 to clarify rule language and then amended in August and
December of 1994 to modify the CO monitoring requirements and to clarify rule
language. The amendment of November 1997 eliminated the requirement for continuous
monitoring of CO, reduced the source testing requirement from once every year to once
every three years, and exempted non-road engines, including portable engines, from most
requirements. The amendment in June 2005 made the previously exempt agricultural
engines subject to therule.

To address widespread non-compliance with stationary 1C engines, the 2008 amendment
augmented the source testing, continuous monitoring, inspection and maintenance (I& M),
and reporting requirements of the rule to improve compliance. It also required stationary,
non-emergency engines to meet emission standards equivalent to current BACT for NOx
and VOC and amost to BACT for CO. This partialy implemented the 2007 AQMP
control measure for Facility Modernization (MCS-001). Additionally, the 2008
amendment required new electric generating engines to limit emissions to levels nearly
equivalent to large central power plants, meeting standards that are at or near the CARB
2007 Distributed Generation Emissions Standards. It also clarified the status for portable
engines and set emissions standards for biogas engines to become effective on July 1,
2012 if the July 2010 Technology Assessment would confirm the achievability of those
limits.

The 2008 adopting resolution included commitments directing staff to conduct a
Technology Assessment to address the availability, feasibility, cost-effectiveness,
compliance schedule, and globa warming gas impacts of biogas engine control
technologies and report back to the Governing Board no later than July 2010.
Additionally, the Governing Board directed that the July 2012 biogas emission limits will
not be incorporated into the SIP unless the July 2010 Technology Assessment finds that
the proposed limits are achievable and cost-effective.

The most recent amendment in July 2010 added an exemption to the rule affecting a
remote public safety communications site at Santa Rosa Peak in Riverside County which
has limited accessibility in the wintertime.
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At the July 2010 Governing Board meeting, staff presented an Interim Technology
Assessment to address the board resolution commitments in 2008. The Interim
Technology Assessment summarized the biogas engine control technologies to date and
the status of on-going demonstration projects. Due to the delays caused by the permit
moratorium in 2009, the release of a subsequent report was recommended upon the
completion of these projects. The Interim Technology Assessment concluded that
feasible, cost-effective technology should be available that can support the feasibility of
the July 2012 emission limits, but that the delay in the demonstration projects will likely
necessitate an adjustment to the July 1, 2012 compliance date of Rule 1110.2.

SILOXANES IN BIOGAS

Siloxanes are a type of organosilicon compound that exists in many cosmetic, personal
and household products. When disposed, these compounds can end up either at
wastewater (sewage) treatment plants or in landfills. It is a well known fact that
impurities in the biogas affect engine performance. Once oxidized into silicon dioxide
(S10,) upon combustion, glass-like siloxane deposits can form on moving engine parts
such as valves and pistons. Siloxanes in the biogas are responsible for increased engine
maintenance, and have the potential to cause significant damage to internal engine
components if not removed either before combustion or during routine maintenance
service. Additionally, siloxanes, if untreated and combusted, can foul catalyst-based
post-combustion controls and make them much less effective in their pollutant removal
potential. Siloxanes that make it out through the engine exhaust stream can deposit
themselves on the downstream catalyst’s available active sites and thereby reduce the
pollutant removal efficiency.

In the Interim Technology Assessment, siloxane data was obtained from the Southern
Cdlifornia Association of Public Treatment Works (SCAP) and showed that there is
variability in the siloxane levels at different locations for digester plants and landfills
(Table 1).
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Table 1. SCAP Data Showing Siloxane Concentrations in Biogas

Biogas

(ppmv)
Palmdale Digester 0.9
San Bernardino Digester 0.9
Fountain Valley Digester 2.59
Huntington Beach Digester 2.25
Lancaster Digester 3.9
RP-1 Digester 5.15
JWPCP Digester 5.31
Hyperion Digester 8.51
Calabasas Landfill 0.34
Spadra Landfill 0.51
Puente Hills Landfill 33

From the data obtained in the Interim Report, the time average siloxane concentration
ranges for digester and landfill gas are asfollows:

Digester Gas. 0.26 — 9.7 ppmv
Landfill Gas: 0.1 — 3.3 ppmv

During discussions with stakeholders, some have reported levels below 10 ppmv, while
others have reported siloxane levels of above 100 ppmv. Regardless of the inlet siloxane
level of the biogas, a treatment system capable of handling the baseline level and spikes
Is absolutely critical to preserve engine and catalyst control system performance.

KEY ISSUES

From ongoing meetings with the affected stakeholders in the Biogas Technology
Advisory Committee, staff has summarized key issues that have resulted from those
discussions.

1. Cost of Biogas Cleanup. The capital and operating costs for cleaning up
the biogas are very high, especially for those applications that have variable
and elevated siloxane levels.

2. Space Requirements. Some facility owners and operators may have to
build ancillary structures, such as elevated platforms, to accommodate the
control equipment which increases the installation costs. This is due to
specific site constraints with existing equipment and structures.
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3. Cost of Exhaust Gas Cleanup. Post-combustion control technologies such
as Catalytic Oxidation and Selective Catalytic Reduction (SCR) are
expensive to install and operate.

4. Contracted Facilities. Some facility operators only lease the gas supplied
by a landfill and combust the gas for power production. These entities
alege that they are bound by power purchase agreements that may prevent
them from installing control equipment to reduce emissions within the next
few years.

5. Life of Landfill Operations/Equipment. The volume and quality of landfill
gas decreases once the landfill ceases to accept municipal solid waste.
Some facilities have expressed concerns that by the time the proposed
limits become effective, the gas quality will not be sufficient to utilize an
engine. These operators fed that they should not retrofit equipment that
will be placed out of service within a short time frame.

6. Selling Gasto Pipeline. Although it is not currently allowed in the state of
Cdlifornia, producing pipeline-quality gas from landfill gas can be a
possibility in the future through changes in state regulations (If this is the
case, then there will be no utilization of engines and will consist of
extensive gas cleanup only).

7. Flaring as an Option. Stakeholders have said that if the control
technologies are too expensive, they will be left with no viable alternative
but to shut down the engines and flare the biogas.

Responses to these comments are presented in Attachment B.

AFFECTED INDUSTRIES

Rule 1110.2 applies to stationary and portable reciprocating internal combustion engines
(ICEs) over 50 brake horsepower (bhp). PAR 1110.2 affects the subset that contains
engines fueled with biogas, which are those that are operated by landfills and wastewater
treatment plants. Biogas engines are lean-burn engines that operate similarly to lean-burn
natural gas-fired engines with ahigher level of exhaust oxygen.

Landfills produce gas that results from the breakdown of municipal solid waste. This gas
is primarily composed of methane and carbon dioxide. The gasis collected in a series of
wells that transports it via pipeline to the landfill gasfired engines. The collected landfill
gas fires one or more biogas engines with or without supplementation of natural gas.

Wastewater treatment plants produce digester gas from the plant’s digesters. A digester
uses heat and bacteria in an oxygen-free (anaerobic) environment to break down sewage
sludge. A by-product of this process is biogas that contains methane. This biogas aso
fires one or more biogas engines with or without supplementation of natural gas. An
advantage with using ICEs at wastewater treatment plants is that these are combined heat
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and power (CHP) units. The waste heat created by the engine can be recovered and used
to heat the plant’ s digesters, resulting in energy savings.

Whether coming from a landfill or an anaerobic digester, the biogas is used to fire an
internal combustion engine with a generator to produce electricity. Some facilities are
self-generating facilities that use the electricity to power their processes internally.
Others sell off this generated power to the local utility grid. The wastewater treatment
plants are primarily operated by public entities and utilities, while the landfills are
operated by either public or private operators. There are atotal of 8 public operators and
5 five private operators for biogas enginesin the South Coast Basin.

There are 55 biogas engines operating in the Basin. Of these engines, 27 are digester gas-
fueled and 28 are landfill gas-fueled. These engines are operated by 13 independent
operators at 22 locations (6 operate digester gas-fueled engines and 7 operate landfill gas-
fueled engines).

Despite past efforts to reduce emissions, biogas-fueled engines remain the dirtiest in
terms of mass per unit power produced in the Basin, even though they are fired with
renewable fuel. Even at BACT, these engines pollute significantly more than large
central generating stations on a pound per megawatt-hour basis (Figure 2). For biogas
ICEs, the NOx emissions are over 25 times higher than those of central power plants, 119
times higher for VOC, and 75 times higher for CO.
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Generation (DG) and
for Biogas after 1-1-13

Figure 2. Current BACT for Biogas ICEs and Natural Gas ICEs vs. Central
Generating Station BACT
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During the 2010 Interim Technology Assessment, approximately 66 engines fueled by
biogas were identified. Since that time, however, the number has decreased to 55 due to
some engines being placed out of service. Nonetheless, the remaining biogas engines are
among the top NOx emitters amongst stationary, non-emergency engines. Table 2 lists
the top 25 NOx emitters based on annual reporting data for 2010. In thistable, 13 of the
25 top NOx emitters in the basin are biogas-powered stationary, non-emergency engines.
Forty-three percent of the NOx emissions in this table come from the 13 biogas engines.
The remaining non-biogas facilities are now subject to the current Rule 1110.2 limits.
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Table 2. “Top 25” Facilities with Highest NOx Emissions from Stationary,
Non-Emergency Engines (Pounds per Year) in 2010
Facility ID No. NOX ROG CO Fuel(s)
U.S. GOVT, DEPT OF NAVY 800263 | 110,713 8,967 24,390 | Diesel
U.S. GOVT, DEPT OF NAVY 800263 | 80,714 9,701 26,387 | Diesel
EXXONMOBIL OIL CORPORATION 800089 | 69,961 5,594 15,215 | Diesel
LA COUNTY SANITATION DISTRICT-
PUENTE HILLS 25070 | 52,796 | 18,068 | 284,104 | Landfill Gas
ORANGE COUNTY SANITATION DISTRICT 29110 | 48,912 | 68,945 | 611,663 | Digester Gas
ORANGE COUNTY SANITATION DISTRICT 17301 | 41,478 | 43,767 | 426,682 | Digester Gas
U.S. GOVT, DEPT OF NAVY 800263 | 38,469 3,827 10,408 | Diesel
Natural Gas
CRIMSON RESOURCE MANAGEMENT 142517 | 38,093 507 64,119 | (Rich-Burn)
MM LOPEZ ENERGY LLC 104806 | 35,662 | 10,707 | 142,482 | Landfill Gas
MM PRIMA DESHECHA ENERGY, LLC 117297 | 32,599 6,321 | 127,325 | Landfill Gas
MM PRIMA DESHECHA ENERGY, LLC 117297 | 31,474 | 14,005 | 141,724 | Landfill Gas
EXXONMOBIL OIL CORPORATION 800089 | 28,192 2,254 6,131 | Diesel
MM LOPEZ ENERGY LLC 104806 | 28,189 | 11,753 | 110,606 | Landfill Gas
U.S. GOVT, DEPT OF NAVY 800263 | 21,923 2,181 5,931 | Diesel
Natural Gas
EOP - 10960 WILSHIRE LLC 119133 | 20,083 267 33,805 | (Rich-Burn)
HOLLYWOOD PARK LAND COMPANY LLC | 145829 | 19,792 1,583 4,304 | Diesel
SAMUEL P LEWIS DBA CHINO WELDING & Natural Gas
ASSEM 150351 | 19,542 260 32,894 | (Rich-Burn)
TOYON LANDFILL GAS CONVERSION LLC | 142417 | 18,000 9,991 | 100,575 | Landfill Gas
ORANGE, COUNTY OF - SHERIFF DEPT, Natural Gas
FAC OP 72525 | 17,314 499 1,344 | (Lean-Burn)
BREA PARENT 2007, LLC 113518 | 17,033 1,099 4,555 | Landfill Gas
Natural Gas
HUNTINGTON BEACH CITY, WATER DEPT 20231 | 15,370 205 25,871 | (Rich-Burn)
BREA PARENT 2007, LLC 113518 | 15,346 784 3,140 | Landfill Gas
BREA PARENT 2007, LLC 113518 | 14,181 1,052 4,958 | Landfill Gas
WASTE MGMT DISP & RECY SERVS INC
(BRADLEY) 50310 | 13,934 3,465 60,087 | Landfill Gas
WASTE MGMT DISP & RECY SERVS INC
(BRADLEY) 50310 | 13,839 3,823 67,514 | Landfill Gas
TOTALS, PPY 843,607 | 229,624 | 2,336,216
TOTALS, TPY 421.8 114.8 1,168.1
TOTALS, TPD 1.16 0.31 3.20
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PUBLIC PROCESS

Since the 2008 amendment, staff has held eight Biogas Technology Advisory Committee
Meetings with representatives from affected facilities, manufacturers, consultants and
other interested parties. The Biogas Technology Advisory Committee was part of the
ongoing commitment to finalize the Technology Assessment for biogas engines. In
October 2010 staff met with the regulated community to discuss cost issues related to the
emission standard adopted as part of the 2008 amendment. Since the July 2010 Interim
Report, the Biogas Technology Advisory Committee met in September 2011, January
2012, April 2012,-and May 2012, and August 2012. Two Public Workshops were held in
February 2012 and April 2012. Staff also has had several meetings with control
equipment vendors and also manufacturers of emerging technologies that may provide an
aternative to electrical power generation by traditional internal combustion methods. In
addition, staff has met individually with nearly every biogas facility operator to discuss
site-specific issues, technologies, long-term plans for existing biogas engines, and costs.
Several site visits were also conducted by staff at affected facilities.
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INTRODUCTION

Controlling emissions for lean-burn biogas engines has many challenges. Fortunately,
the same add-on control technologies used in the control of lean-burn natural gas engines
can be employed in biogas engines with proper fuel pretreatment. Additionally, other
technologies have emerged that have been shown to result in emissions well below the
proposed rule limits.

The Final Technology Assessment attached to this staff report summarizes staff’s
findings to date regarding the feasibility of the biogas engine emission limits. Data
collected from a completed demonstration project in the Basin and from a landfill in the
Bay Area provides substantial evidence in support of the proposed emission limits for
biogas engines. In addition to feasibility, the Final Technology Assessment also includes
cost-effectiveness, compliance schedule, global warming impacts, and the impacts of
potential flaring. The Final Technology Assessment provides a complete description of
the control technologies for this amendment, and is presented as an attachment to this
document (Attachment A). What follows is a summary of the technologies discussed in
the Technology Assessment.

BIOGAS CLEANUP

As mentioned in the previous section, the cleanup of the inlet fuel for biogas engines can
serve two purposes. longer operating time with less engine maintenance and protection
of post-combustion catalysts from impurities. Methylated siloxanes in the biogas are a
chief contributor to catalyst fouling and increased engine maintenance. The 2008 Interim
Technology Assessment concluded that an engine with a gas cleanup system capable of
effectively removing siloxanes can protect post-combustion catalysts and make multi-
pollutant reductions feasible. Although the levels of siloxanes can vary by facility, a
properly designed system can perform effectively to remove siloxanes as well as many
other impurities such as moisture, particulates, VOCs and sulfur compounds. Two
installations in California have shown that gas cleanup can protect catalysts and lower
engine maintenance costs. The installations at Ox Mountain Landfill in the Bay Area and
at the Orange County Sanitation District (OCSD) utilize gas cleanup systems and post-
combustion catalytic control systems that have resulted in favorable reductions in NOx,
VOC, and CO, while performance data demonstrates effective siloxane remova and
protection of post-combustion catalysts. There are two main types of systems for
siloxane removal, regenerative and non-regenerative. Ox Mountain uses a regenerative
system, while OCSD relies on a non-regenerative system. However, the gas cleanup
systems at both Ox Mountain and OCSD use activated carbon as the adsorption media for
the gas impurities. The difference is that Ox Mountain heats the carbon and purge gasin
a regenerative cycle to “reactivate”’ the carbon whereas OCSD simply replaces the spent
media with fresh activated carbon.
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CATALYTIC OXIDATION/SELECTIVE CATALYTIC REDUCTION

A technology that has been around for many years for natural gas ICE after-treatment is
catalytic oxidation and selective catalytic reduction (SCR). Catalytic oxidation removes
VOC and CO from the exhaust stream while SCR removes NOx with the use of urea
injection. This technology is most effective in lean-burn engines. Before effective gas
cleanup became available, catalyst poisoning was a problematic issue with this
application for biogas engines. The pilot study at OCSD and the installation at Ox
Mountain both used these two technologies in conjunction with biogas cleanup for
removal of NOx, VOC, and CO. The results from OCSD’s pilot demonstration and Ox
Mountain show that the proposed rule’'s emission limits are achievable on a consistent
basis. Source test and CEMS data from both installations show that properly cleaned
biogas does not foul or poison the oxidative and SCR catalysts, ensuring reliable multi-
pollutant removal.

NOXTECH

NOxTech is a selective non-catal ytic reduction control technology that treats the exhaust
stream of IC engines, reduces NOx, VOC, and CO, and does not require gas cleanup. In
the NOxTech system the exhaust gases are heated to a temperature that incinerates VOC
and CO without generating thermal NOx, and then removes exhaust NOx using urea
injection. Eastern Municipal Water District (EMWD) installed a NOxTech unit at a
facility that operates three natural gas engines. The facility is currently operating the
NOxTech system, but experienced some setbacks due to the high heat and rapid
combustion created from the natural gas engine exhaust. An enhanced system with
exhaust gas recirculation (EGR) has been installed and preliminary data has shown that
the NOx limits are achievable. Further optimization is currently underway to establish
consistent results. This system has the possibility of being less costly than the oxidation
catalyst/SCR system because of potentially lower operations and maintenance costs, plus
the added benefit of not requiring the high capital outlay of an inlet biogas cleanup
system. It should be noted that the benefits of biogas treatment to engine wear and
maintenance are forgone if afacility solely relies on NOxTech.

ALTERNATIVE TECHNOLOGIES

Other technologies exist that can be used in place of ICEs and are capable of producing
much lower emission profiles.  Fuel cells are capable of producing power
electrochemically while producing near zero emissions. Fuel cells are sensitive to
impurities; therefore, a gas cleanup system is essential. There are many fuel cell
installations al over California running on anaerobic digester gas, including five in the
South Coast Basin at wastewater treatment facilities.
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Flex Energy combines regenerative thermal oxidation with microturbine technology for
power production with near zero emissions. This system is especialy applicable to
facilities that produce low methane biogas, such as closed landfills. One system is
operating at a military base in Georgia and a second is targeted to become operational in
Orange County this year. This system does not require gas cleanup and can continue to
provide power many years after alandfill closes and its methane production drops off.

Hydrogen Assisted Lean Operation, or HALO, is an emerging technology that involves
the injection of hydrogen gas into the biogas fuel stream before combustion. This
enrichment of hydrogen improves the lean limit combustion stability of the fuel, resulting
in lower pollutant emissions. This technology is set to be tested and demonstrated at a
wastewater treatment facility in the Basin.

Other combustion technologies such as gas turbines, microturbines, and boilers are also
capable of producing power and have lower emission profiles than IC engines. Severd
facilities in the Basin already use these technologies as the sole source of power
production or as a supplemental source to IC engines. Turbines and microturbines
require gas cleanup, while boilers are less sensitive to impurities in the biogas.

SELF-GENERATING INCENTIVES

The California Public Utilities Commission (CPUC) offers incentives for facilities that
produce at least 75% of their power from renewable fuels, such as biogas, and use that
electricity to power internal operations. The Self-Generation Incentive Program (SGIP)
provides incentives that can aid in offsetting some of the capital costs from biogas
projects. As of November 2011, a $2.00 per Watt biogas incentive has been offered that
can be added to other incentives based on the type of technology used, such as fuel cells,
gas turbines, microturbines and IC engines. For example, the combined heat and power
(CHP) fuel cdl incentive is $2.25 per Waitt, so if combined with the biogas incentive, the
total incentive is $4.25 per Watt. So for a1 MW CHP fuel cell installation running on
biogas, the incentive would amount to 4.25 million dollars. The incentives are also
contingent on the facilities meeting specific capacity factors and not exporting more than
25% of the power produced to the grid.
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PROPOSED AMENDED RULE REQUIREMENTS

The key proposed amendments can be summarized as follows:

e Re-establish the effectiveness of the previously adopted 2012 limits. Allow biogas
engine operators three and a halfthree more years to comply with the 2012
emission limits. The new effectlve date WI|| be Januaryduly 1, 20165 for al

b|oqas enQ| nes.the s

* Provide a compliance option with alonger averaging time to engine operators that
can demonstrate through continuous emission monitoring (CEMS) data mass
emission levels at least 10 percent lower than allowable under the rule’s proposed
concentration limits.

e Provide an alternate compliance option to give operators under long term fixed
price power purchase agreements entered into prior to the February 1, 2008
amendments and extending beyond the January 1, 2016 compliance date
additional time for engine retrofits beyond the proposed compliance date (up to
two years) with the payment of a compliance flexibility fee.

The feasibility of the lower mass emissions was demonstrated by the recently completed
pilot study by OCSD, which indicated that lower mass emissions can be achieved in
conjunction with longer averaging times. This longer averaging time would be allowed
provided that the CEMS data routinely shows NOx emission levels below 11 ppm (the
proposed standard).

To reflect the additional time needed to complete the Final Technology Assessment,
District staff is proposing to allow biogas engine operators more time for compliance
with the emission limits adopted in the 2008 amendment. Subparagraph 1110.2(d)(1)(C)
establishes the emission standards for biogas engines, specifies the effective dates for the
emission limits, and provides the compliance schedule for all biogas engines, as listed in
Table 3 on the next page. The table is split into two parts. The first part reflects the
currently effective limits and the second part establishes the-3-te-4- three and a half year

delay of the 2012 effective date I|m|ts for comphance Feeepere&ewtanmng%adel
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Table 3. Proposed Concentration Limits for Biogas Engines

CONCENTRATION LIMITS FOR LANDFILL
AND DIGESTER GAS (BIOGAS)-FIRED ENGINES

NOy (ppmvd)* VOC (ppmvd)? CO (ppmvd)*
bhp > 500: 36 x ECF® Landfill Gas: 40 2000
bhp < 500: 45 x ECF® | Digester Gas: 250 x ECF®

CONCENTRATION LIMITS
EFFECTIVE JANUARY 1, 2016

NOx (ppmvd)? VOC (ppmvd)? CO (ppmvd)?
11 30 250

oo i SRR RO M ED
. -
Category Limit Full Compliance
on-or-before
Fret=nginoerBloces July-1-2015
Cleanup-Systemtor
o . NO,{ppmve)'—11
ChtcZlecosoaging
floet VOC{pprved)*-30
Remaining CO-(ppravd)*:250
_ July 1, 2016

Parts per million by volume, corrected to 15% oxygen on a dry
basis and averaged over 15 minutes.

Parts per million by volume, measured as carbon, corrected to
15% oxygen on a dry basis and averaged over the sampling time
required by the test method.

ECF isthe efficiency correction factor.

The subparagraph in Rule 1110.2(d)(1)(C) that reads:

“The concentration limits effective on or after July 1, 2012 shall become
effective provided the Executive Officer conducts a technology assessment
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that confirms that the limits are achievable, and reports to the Governing
Board by July 2010, at aregularly scheduled public meeting,”

will be removed due to the two year delay of the emission limit effective date for biogas
engines, and the subparagraph’ s expired applicability.

Staff is proposing the following restructuring of paragraph (d)(1) to improve its
readability. Subparagraph (d)(1)(D) is added to contain a provision that does not alow a
biogas engine to operate in a manner that exceeds the emission limitsin (d)(1)(C).

Subparagraph  (d)(1)(E) provides an incentive for operators that achieve early
compliance. Specifically, if a biogas engine achieves compliance by no later than
January 1, 2015, that engin€'s permit application fees will be refunded to the owner or
operator. It must be established to the satisfaction of the Executive Officer that a biogas
engine is complying with the emission limitsin Table 111-B.

Subparagraph (d)(1)(FE) will specify the provision for the percentage of natura gas
burned. This provision was relocated from subparagraph (d)(1)(C) of the current rule.
Once a biogas engine complies with the proposed emission standards, the 10% natural
gas limit will no longer apply.

| Subparagraph (d)(1)(GF) will contain the exception for low-usage engines since it is not
cost-effective to add controls to these units. This provision was also relocated from
subparagraph (d)(1)(C) of the current rule.

| Subparagraph (d)(1)(HG) will contain a provision for operators requiring a longer
averaging time.

“An operator of a biogas engine may determine compliance with the NOx

| and/or CO limits of Table I11-B by utilizing a longer averaging time as set
forth below, provided the operator demonstrates through CEMS data that
the engine is achieving a concentration at or below 9.9 ppmv for NOx and
225 ppmv for CO (if CO is elected for averaging), {each corrected to 15%
Oy}, over a4 month time period. An operator may utilize a monthly fixed
interval averaging time for the first 4 months of engine operation and up to
a12-24 hour fixed interval averaging time thereafter.”

As evidenced by the demonstration project by Orange County Sanitation District
(OCSD), there were occasional spikesin the NOx CEMS readings that were above the 11
ppm limit. This occurred approximately 0.9% of the time. To ensure compliance with
the proposed limits, staff is proposing to allow biogas engine operators a longer
averaging time beyond 15 minutes. However, this is contingent on the performance of
the control equipment determined by a CEMS. The longer averaging time will be
| allowed if the NOx and/or CO emissions are at least 10% below what is alowable (at or
below a concentration of 9.9 ppmv for NOx and 225 ppmv for CO). For the first four
months of operation, a monthly averaging time will be allowed for the purposes of
| equipment optimization. After four months, a twenty fourtwehve hour averaging time can
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be implemented to demonstrate compliance. The longer averaging periods are fixed
interval (or block) averages, not rolling averages. The longer averaging time may be
used only if an engine is achieving the NOx and/or CO emission levels (9.9 ppmv and
225 ppmv, respectively) averaged over a4 month period.

Since Rule 1110.2 does not require a CO CEMS on lean-burn engines, the requirements
of subparagraph (d)(1)(H) apply to CO only if a biogas engine operator elects to install a

CO CEMSfor |mproved real t| me monitoring (e.q. OX|dat|on catalvst performance) Fhe

To prevent artificial averaging of zero data when, for instance, the engine is not
operating, or when the CEMS is undergoing periods of calibration or audit, clause
1110.2(d)(1)(HS)(i) will read:

“For—the purposes of determining compliance using a longer averaging
time: An operator shall not average data during one-minute periods in
which the underlying equipment is not operated or when the CEMS is
undergoing periods—of—calibration—or—auditzero or calibration checks,
cylinder gas audits, or routine maintenance in accordance to the provisions
in Rules 218 and 218.1."

The operation of the CEMS shall comply with the existing requirements of Rules 218 and
218.1. Rule 218.1 requires that the data points for CEMS analyzers are to be within 10
and 95 percent of the full span or full scale range. In addition, if any data point fals
above 95 percent of the full scale range, that value shall be invalid for quantification. For
a biogas engine using alonger averaging time, if a CEMS reading falls above 95 percent
of the full scale range while the engine is operating, the invalid data point would not be
factored into the longer averaging period. Furthermore, the magnitude of the excursion
would be unknown since it is outside the range of the analyzer. To address these
excursions, a missing data procedure will be applied to quantify the excursions for

mcluson into the calculatlon of the longer averaqmq tlmeWhenever—vaHd—GEMS

A A - For biogas engm% the NOx
mlssmg data shaII use a concentratlon of 336 ppmv (corrected to 15% O,) for every
missing time period above 95 percent of the full scale range and the CO missing data
shall use a concentration of 7502000 ppmv (corrected to 15% O,), if the engine is
operating during these excursions. This is equivalent to three times the NOx and/or CO

emlsaons I|m|ts in Table [1- B Lf—the@EM%eannePebtamﬂata—peHhemqwrement&eﬁ
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te—l%%—Qg)—shaH—be—used—as—subsmwe—dat&Notwnhstandl ng the

requirements of Rules 218 and 218.1, for one-minute time periods where
NOx and/or CO CEMS data are greater than 95 percent of the Rule 218.1
Full Scale Range while the underlying equipment is operating, an operator
shall use substitute data. A concentration equivalent to 3 times the NOx
and/or CO emission limitsin Table I11-B (each corrected to 15% O,) shall
be used as substitute data.”

Theis following provision discourages the intentional shutdown of a CEMS for reasons

other than valid malfunctions and; breakdowns-er-rabitity-to-meet-the requirerments-of
Rules218-and-218-1. Clause (d)(1)(H)(iii) clearly states that:

“The intentional shutdown of a CEMS to circumvent the emission limits of
Table I11-B while the underlying equipment is in operation shall constitute
aviolation of thisrule.”

The longer averaging option is not intended to apply to time-shared CEMS, since this
type of system does not collect data continuously over the required time periods in the
proposed rule. Thisis stated in clause (d)(1)(H)(iv).

The revised staff proposal provides some biogas engine operators who have entered into
fixed price, long term power purchase agreements with loca utilities, prior to the
February 1, 2008 amendments that first established the July 2012 biogas engine emission
limits, with the option to defer compliance by up to two years from the January 1, 2016
compliance date, up to January 1, 2018 with the payment of a compliance flexibility fee.
Subdivision (h) outlines the requirements for the plan submittal and the calculation of the
compliance flexibility fee. The fee is based on the Carl Moyer cost effectiveness of
$17,200 per ton and is calculated based on the NOx reductions of PAR 1110.2. The total
cost per vear is divided by the sum brake horsepower (bhp) of all the affected biogas
engines to arrive at $47 per bhp per year. The compliance flexibility fee is calculated by
taking the fee rate ($47/bhp-yr) and multiplying by the rated brake horsepower of the unit
and then multiplying by the number of vears to defer (1 or 2 years). The fees collected
from this alternate compliance option will applied to AQMD NOXx reduction programs.
This aternate compliance option is not available for operators who have entered into long
term power purchase agreements following the February 1, 2008 amendments.

The proposed amendments will provide biogas engine facilities with additiona time to
implement the proper controls to meet the emission limits. Biogas operators will also
have additional time to explore the use of alternative technologies that do not require the
combustion of biogas by internal combustion engines.

Several minor administrative changes were also included to provide clarity with respect
to references within the rule. In addition, the following four clarifications, although
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minor in nature, necessitate either a change in the rule language or an explanation
detailed below.

The first clarification involves adjustments to oxygen sensor set points and the frequency
of portable analyzer checks in Rule 1110.2 subclause (f)(1)(D)(iii)(1). In the current rule
if an engine is in compliance for three consecutive emission checks without any O, set
point adjustments, the engine can move up to a monthly testing schedule or test every 750
hours, whichever occurs later. If an engine then encounters a non-compliant emissions
test result or if the O, sensor is replaced for a rich-burn engine with a three way catalyst,
it must revert to the more frequent testing schedule. The objective of periodic monitoring
is to prevent non-compliance and the objective of not allowing any O, set point
adjustments during the emission tests is to prevent circumvention of the rule. However,
If an operator is proactively adjusting the O, set points as a means of preventing a non-
compliant situation, the current construct of the rule would suggest that the operator is
still required to return to the more frequent testing schedule. Clearly, the intent of the
rule was never to discourage such proactive maintenance approaches. To address this,
the portable analyzer testing frequency can remain unchanged if the engine is in
compliance before and after the O, set point adjustment at the air-to-fuel ratio controller
(AFRC). This will maintain compliant operation of the engine without allowing the
emissions to reach a non-compliant level, while preventing a reversion to a more frequent
testing schedule. The operator must perform an emissions check after the set point
adjustment to ensure that the engine is operating in compliance after the set point change.
This post-adjustment testing is to be performed notwithstanding the requirements of
subclause (f)(1)(D)(iii)(1V), which prohibits any control system tuning within 72 hours
prior to an emission check. Subclause 1110.2(f)(1)(D)(iii)(1) will now read:

“If an engine is in compliance for three consecutive emission checks,
without any adjustments to the oxygen sensor set points, then the engine
may be checked monthly or every 750 engine operating hours, whichever
occurs later, until there is a noncompliant emission check or, for rich-burn
engines with three-way catalysts, the oxygen sensor is replaced. When
making adjustments to the oxygen sensor set points, returning to a more
frequent emission check schedule is not required if the engine is in
compliance with the applicable emission limits prior to and after the set
point adjustments, notwithstanding the requirements of (f)(1)(D)(iii)(1V).”

The second clarification involves the shutdown period for an engine. The current rule
provides up to 30 minutes after an engine start-up for non-compliant emissions.
Emission control equipment takes about 30 minutes from a cold start-up to attain a proper
operating temperature to effectively remove pollutants and achieve compliant results.
Engine operators have also experienced a similar situation during a gradual shutdown
where there are non-compliant events, specifically documented on those engines
equipped with CEMS. Engine operators often need to shut an engine down over a short
period of time (typically no more than 30 minutes) to alow it to cool and prevent
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unnecessary damage from a hard stop. Under the current rule, many operators have to
shut down an engine quickly to prevent non-compliant results and potential enforcement
action. To address this issue, the exemption in Rule 1110.2(h)(10) will aso include a 30
minute shutdown period in addition to the 30 minute start-up period. The emissions
provisions in subdivision (d) shall not apply to:

“An engine start-up, until sufficient operating temperatures are reached for
proper operation of the emission control equipment, and an engine
shutdown period. The periods shall not exceed 30 minutes, unless the
Executive Officer approves a longer period not exceeding 2 hours for an
engine and makes it a condition of the engine permit.”

The third clarification also involves an exemption in subdivision (h). Rule 1110.2(h)(11)
allows an exemption of emission requirements for four operating hours when starting up
an engine after an overhaul or major repair that involves the removal of the cylinder head.
During these types of repairs, particles or liquids can be left behind from the engine work
and take some time to burn off or expel. If an engine catalyst is in operation during this
start-up period, significant damage can result from the operation of the engine. Physical
damage to the catalyst can result from the particulates and a decrease in catalyst
performance can result from contaminant poisoning. This impact can be immediate or
can result in a sooner than expected catalyst replacement, which can become a significant
cost to the operator. To prevent this from occurring, it has been noted that the four-hour
exemption following an engine overhaul or major repair requiring removal of a cylinder
head would also allow the temporary removal of the catalyst to prevent its damage.

The final clarification involves the testing and monitoring provisons in Rule
1110.2(f)(1)(D). Under the current rule, portable analyzer emission checks are performed
in accordance to the testing frequency outlined in clause (f)(1)(D)(iii). In the event that a
scheduled portable analyzer emission check occurs during the same monitoring period as
aregularly scheduled source test per (f)(1)(C), the source test results can be used in lieu
of the portable analyzer check. The reference source test methods in subdivision (g) of
the rule are more stringent than the portable analyzer test method, so this clarification is
being made in this report to prevent redundancy in testing within the same time period.
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EMISSIONS IMPACTS AND COST EFFECTIVENESS

The proposed amendments will have emissions impacts on biogas engines regulated by
Rule 1110.2. Since biogas engines emit significantly more pollutants than natural gas
engines and central power plants, the proposed emission standard will reduce NOx, VOC,
and CO emissions drastically. On an aggregate pollutant basis, current biogas engine
emissions are over 55 times higher than those of central power plants. The proposed
amendments will result in up to 74% emission reductions (Figure 3).

6 1~ 55x Higher 74 % Reduction

B NOx

mCO

lbs/MW-hr

Central Power Current Biogas Proposed Biogas
Plants Limits Limits

* Current CO value divided by 7

Figure 3. Emissions from Biogas ICEs versus Central Power Plants

The current emissions from biogas engines amount to approximately 1.3 tons per day of
NOXx, 0.8 tons per day of VOC, and 25.6 tons per day of CO. The current emissions are
calculated from the current Rule 1110.2 rule limits and permit limits, while the future
emissions are calculated from the proposed Rule 1110.2 limits. Permit limits were used
for some engines because they were permitted at BACT or have more stringent permit
limits than in the current rule. The emission reductions are 0.9 tons per day of NOx, 0.5
tons per day of VOC, and 20.0 tons of CO. The reductions will occur in two steps. The
first reductions will occur by Januaryduby 1, 20165 and second step of reductions will
occur one to two years later when al biogas engines will comply with the rule limits
under the alternate compliance option.

Emissions are calculated for NOx, VOC, and CO. The emission reductions for CO are
discounted by one seventh because its ozone-formation potential is approximately one
seventh from that of NOx. For calculating cost effectiveness, the District uses the
Discounted Cash Flow (DCF) model, which takes into consideration both capital cost
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plus annual operating and maintenance costs. This use of this model is consistent with
previous rulemaking proposals and past control measures because it links the cost of the
project with its environmental benefits. The equipment is given a twenty year life and a
4% interest rate is applied. The calculated present worth value (PWV) is then divided by
the summation of the emission reductions and the length of the project (20 years).

The cost figures submitted by OCSD from their final report were used as a benchmark for
evaluating costs for several biogas engine operations. The OCSD data which includes
operations for the highest brake horsepower portion of the engine distribution (3,471 bhp)
were scaled across different digester and landfill gas engine sizes to estimate installation
and operating costs for different engine sizes, ranging from 250 bhp to 4,200 bhp. The
non-catalyst installed cost was calculated by using the general chemical engineering cost
estimating practice for industrial equipment packages of bhp®®. The other costs were
scaled based on brake horsepower alone.

The cost effectiveness was estimated to range from $1,700 to $3,500 per ton of NOX,
VOC, and CO/7 reduced. 8,000 annua operating hours was assumed for the engines.
The cost effectiveness was aso calculated for a landfill installation with a more
expensive regenerative gas cleanup system. These costs were obtained from the Bay
Area AQMD for the instalation at Ox Mountain Landfill. The cost effectiveness
calculated using Ox Mountain's capital and operating costs for the proposed amended
rule's emission reductions is $2,300 per ton of NOx, VOC, and CO/7. Staff also
calculated cost effectiveness to account for additional gas cleanup and associated
contingencies, based on stakeholder feedback. Using vendor quotes for gas cleanup
systems, two additional cost effectiveness curves were created reflecting the additional
gas cleanup and an added 20% capital cost contingency. The upper cost effectiveness
curve has a range from $2,600 to $5,900 per ton. The upper and lower (base level)
curves create a band that accounts for equipment contingencies. In addition, all of the
cost effectiveness calculations reflected a two-year catalyst life to reflect a partia
deactivation of OCSD’ s oxidation catalyst after two years of operation. Although the CO
emission levels were elevated and still in compliance with the proposed limit, the
calculations were revised to reflect a two-year, instead of a three-year, catalyst life. The
cost effectiveness ranges are illustrated in Figure 4 for digester gas engines and Figure 5
for landfill gas engines.

4-2 August 2012



PAR 1110.2 Revised Draft Staff Report
con Digester Gas with Additional Contingencies
=—f=— Digester Gas
5,000 / (Based on
// OCSD costs)
4,000
/ ------- w/additional
c 3,000 gas cleanup
<)
= 2,000
w = — - - - w/20%
additional
1,000 capital cost
OCsSD contingency
0 T T T T 1
4000 3000 2000 1000 0
bhp
Figure 4. Cost Effectiveness for Digester Gas (Catalytic Aftertreatment)
Landfill Gas with Additional Contingencies
7,000
6,000
e Landfill
5,000 / :-I:ased oc:Ia;CSD
costs)
c 4,000 | m——
3 ----- w/additional gas
R 3,000 cleanup
2,000 - = = = W/20% additional
Ox Mountain capital cost
1,000 contingency
O T T T T 1
4000 3000 2000 1000 0
bhp
Figure 5. Cost Effectiveness for Landfill Gas (Catalytic Aftertreatment)

For catalytic control technology, the capital cost for the base level scenario on a per
engine basis is expected to range from $417,000 for a 250 bhp engine to $2,706,000 for a
4,200 bhp engine. The capital cost range with added contingencies is $494,000 to
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$3,147,000. These ranges represent the capital costs for the smallest engine to the largest
in the biogas inventory.

The cost effectiveness estimates are within the costs presented to the Governing Board
for past rulemakings. Digester gas and landfill gas engines of all sizes are shown to be
cost-effective.  The details of the cost effectiveness calculations with a detailed
breakdown of the installation and operating costs are presented in the Technology
Assessment (Attachments A and B).

INCREMENTAL COST-EFFECTIVENESS

Headth and Safety Code Section 40920.6 requires an incremental cost-effectiveness
analysis for Best Available Retrofit Control Technology (BARCT) rules or emission
reduction strategies when there is more than one control option that would achieve the
emission reduction objective of the proposed amendments, relative to ozone, CO, SOx,
NOx, and their precursors. The proposed control option is biogas cleanup, with oxidation
and SCR catalyst control, while the alternative control option is shutting down the
engines, purchasing electricity from the grid, and flaring the biogas. To determine the
incremental cost effectiveness, the calculated difference in the dollar cost between the
two control optionsis divided by the difference in their emission reduction potentials.

The basis for the control options is the OCSD pilot study demonstration project engine
(2500 kW). To calculate the cost to purchase the power from the grid, the present worth
value (PWV) of the electricity produced by the engine is calculated using its size and its
annual hours of operation (6,000 hours) at a nominal rate of $0.08 per kW-hr. The
present worth calculation assumes a 4% interest rate and a 20 year program life. The
present value of the operations and maintenance (O& M) costs is also factored (subtracted
from the electricity costs) since these are costs that will be avoided if the engine is no
longer in service. The engine maintenance costs are twice the upper value for a natural
gas ICE ($0.014 per kW-hr). The total proposed project cost (PWV of OCSD engine
with controls) is then subtracted from the PWV of the total project alternative project cost
(purchasing electricity).

The emission reductions of the alternative project are calculated by using the net
emissions of removing an engine from service and factoring the emissions from flaring
and from a central power plant to replace the engine power produced. The emission
reductions from removing the engine from service are calculated for NOx, VOC, and
COI7, using emission factors based on the current Rule 1110.2 compliance limits (at
6,000 annual operating hours and a 20 year program life). The flare emissions are
calculated using the fuel consumption (permit limit) and existing (average limit) flare
emission factors for NOx, VOC, and CO. The total emissions for flaring over 20 years
are calculated for NOx, VOC, and CO/7. Next, the central power emissions are
calculated using emission factors based on central power plant BACT emission standards.
It was assumed that 50% of the power replaced would come from the central power plant.
The emissions over 20 years were then calculated for NOx, VOC, and CO/7. The sum of
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the flaring and central power plant emissions are then subtracted from the engine
emission reductions to obtain the net emission reductions of the aternative control
option.

Finally, the emission reductions of the proposed control option are factored into the final
calculation (from present rule limit to proposed rule limit at 6,000 annual operating hours
over 20 years). The difference of the PWV of the aternative control option and the
proposed control option is divided by the difference in the emission reduction potentials
for both projects. If “a’ is the aternative control option and “p” is the proposed control
option, then the incremental cost effectivenessis:

(Ca—Cyp) !/ (Ea—Ep) = $757,100/per ton

The calculated value clearly indicates that the alternative control option is not viable
when compared to the proposed controls.

CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) ANALYSIS

Pursuant to the California Environmental Quality Act (CEQA) and AQMD Rule 110,
SCAQMD staff has reviewed PAR 1110.2 to identify the appropriate CEQA document
for evaluating potential adverse environmental impacts. Because the proposed project
consists of changes to a previously approved project evaluated in a certified CEQA
document and none of the conditions described in CEQA Guidelines 815162 calling for
preparation of a subsequent CEQA document would occur, staff has concluded that an
Addendum to the December 2007 Final Environmental Assessment: Proposed Amended
Rule 1110.2 — Emissions from Gaseous- and Liquid-Fueled Internal Combustion Engines
(ICEs), prepared pursuant to CEQA Guidelines 815164, is the appropriate CEQA
document for the proposed project. Pursuant to CEQA Guidelines 815164(c) an
addendum need not be circulated for public review. However, upon completion, the
Addendum as well as the February 2008 Final Environmental Assessment will be
avallable to the public a AQMD Headquarters or by caling the AQMD Public
Information Center at (909) 396-3600.

SOCIOECONOMIC ASSESSMENT

PAR 1110.2 would re-establish the concentration limits for biogas-fired engines for a
later time, that is from 2012 to 2015/16. Furthermore, the universe of affected biogas-
fired engines by PAR 1110.2 is currently at 55 engines, reduced from 65 engines
evaluated as part of the 2008 amendments, which is a reduction of 14 percent of the total
bhp.

The technologies for complying with the concentration limits have remained the same
since 2008 and costs of these technologies have stayed relatively constant. According to
the February 2008 Socioeconomic Report for Rule 1110.2, the 2011 present value
(including capital, operating and maintenance costs) of SCR/Oxidation Catalyst/Biogas
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Cleanup System for large biogas engines (>1,500 bhp) was $3.37 million over a 20-year
period. The actual present value of a similar system (with catalyst replacement every
three years) at OCSD was $3.09 million. Based on catalyst replacements every two
years, AQMD estimates the present value of the same system to be $3.47 million.

The additiona time for compliance and fewer affected engines would result in overall
savings to the affected universe as a whole, compared to what was analyzed as part of the
2008 amendments. Therefore, given the fact that there are fewer engines to control and
the control costs remained relatively constant compared to what was evaluated as part of
the Socioeconomic Assessment conducted for the 2008 amendments to Rule 1110.2, the
findings and conclusions of that analysis remain valid for this proposed amendment as
well.

That 2008 Final Socioeconomic Assessment will be available to the public a8 AQMD
Headquarters or by calling the AQMD Public Information Center at (909) 396-3600.

DRAFT FINDINGS UNDER CALIFORNIA HEALTH & SAFETY CODE
SECTION 40727

Cdlifornia Health and Safety Code Section 40727 requires that prior to adopting,
amending or repealing a rule or regulation, the AQMD Governing Board shall make
findings of necessity, authority, clarity, consistency, non-duplication, and reference based
on relevant information presented at the public hearing and in the staff report. In order to
determine compliance with Sections 40727 and 40727.2 a written analysis is required
comparing the proposed rule with existing regulations.

The draft findings are as follows:

Necessity: PAR 1110.2 is necessary to reduce emission limits from combustion
equipment in order to meet federal and state ambient air quality standards for ozone and
PM 2.5.

Authority: The AQMD obtains its authority to adopt, amend, or repea rules and
regulations from California Health and Safety Code Sections 39002, 40000, 40001,
40440, 40702, 40725 through 40728, and 41508.

Clarity: PAR 1110.2 has been written or displayed so that its meaning can be easily
understood by the persons affected by the rule.

Consistency: PAR 1110.2 isin harmony with, and not in conflict with or contradictory
to, existing federa or state statutes, court decisions or federal regulations.

Non-Duplication: PAR 1110.2 does not impose the same requirement as any existing
state or federal regulation, and is necessary and proper to execute the powers and duties
granted to, and imposed upon the AQMD.
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Reference: In amending this rule, the following statutes which the AQMD hereby
implements, interprets or makes specific are referenced: Health and Safety Code sections
39002, 40001, 40702, 40440(&), and 40725 through 40728.5.

COMPARATIVE ANALYSIS

Under Health and Safety Code Section 40727.2, the AQMD is required to perform a
comparative written analysis when adopting, amending, or repealing a rule or regulation.
The comparative analysisis relative to existing federal requirements, existing or proposed
AQMD rules and air pollution control requirements and guidelines that are applicable to
industrial, institutional, and commercial combustion equipment. A comparative analysis
is not required if the District finds that the proposed rule does not impose a new emission
limit or standard. The District makes that finding, since the 2012 limits are already
existing and the proposed rule does not make it more stringent. Nevertheless, the District
incorporates by reference the comparative analysis contained in the February 2008 Final
Staff Report for PAR 1110.2, which is also updated below for changes,

National Emissions Standards for Hazardous Air Pollutants and New Source
Performance Standards

Appendix F in the 2008 Final Staff Report for Proposed Amended Rule 1110.2 (February
2008) provides a detailed summary and comparison of the key elements of PAR 1110.2,
the RICE NESHAP, and the NSPS. Appendix F is incorporated in this report by
reference and is available at http://www.agmd.gov/hb/2008/February/080233a.html. The
proposed amendments of PAR 1110.2 are not in conflict with federal regulations.

AQMD Rules Applying to Stationary Gaseous- and Liquid-Fueled Engines

AQMD Rule 218 and 218.1 - Continuous Emission Monitoring Rules, which were
amended on May 14, 1999, and May 4, 2012, respectively, set forth requirements for
new, modified and existing continuous emission monitoring systems that include
certification, development and implementation of a Quality Assurance/Quality Control
Plan, recordkeeping, reporting, and performance specifications. PAR 1110.2 requires
| CEs with required CEM S to comply with Rule 218 and 218.1.

AQMD Rule 401 — Visible Emissions, which was last amended on November 9, 2001,
prohibits the discharge of emissions into the atmosphere from any single source for
period or periods aggregating more than three minutes in any one hour which will cause:
adark or darker shade as that of a number 1 on the Ringelmann chart, as published by the
United States Bureau of Mines, or of an opacity equal or greater than number 1 on the
Ringelmann chart.

AQMD Rule 431.1 — Sulfur Content of Gaseous Fuels, which was last amended on June
12, 1998, prohibits the sale and use natural gas with a sulfur content exceeding 16 ppm.
Rule 431.1 also prohibits the sale and use of the following gases with a sulfur content
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exceeding: 150 ppmv in landfill gas; 40 ppmv in refinery gas, sewage digester gas and
other gases.

AQMD Rule 431.2 — Sulfur Content of Liquid Fuels, which was last amended on
September 15, 2000, prohibits the purchase by stationary source end users of any diesel
fuel with a sulfur content exceeding 15 ppm on and after June 1, 2004.

AQMD Rule 1303 - New Source Review Requirements, which was last amended on
December 6, 2002, requires BACT, modeling and emission offsets for any new or
modified source which results in an emission increase of any nonattainment air
contaminant, ozone depleting compound or ammonia.

AQMD Rule 1401 - New Source Review of Toxic Air Contaminants, which was last
amended on September 10, 2010, specifies limits for maximum individual cancer risk
(MICR), cancer burden, and non-cancer acute and chronic hazard index (HI) from new,
modified and existing permitted sources which emit toxic air contaminants (TACs) listed
in Table | of Rule 1401. Although numerous TACs may be emitted from engines,
formaldehyde, acrolein, methanol, and acetaldehyde account for essentially all of the
mass emissions. PAR 1110.2 target pollutants are NOx, VOC and CO.

AQMD Rule 1470 - Requirements for Stationary Diesel-Fueled Internal Combustion and
Other Compression Ignition Engines, which was amended on May 4, 2012, addresses
primarily toxic diesel PM from new and existing, stationary, emergency and non-
emergency, diesel engines, whereas Rule 1110.2 addresses only NOx, VOC and CO
emissions.

AQMD Regulation XX - Regional Clean Air Incentive Market (RECLAIM) superseded
many Regulation IV and Regulation XI rules for NOx and SOx for the largest facilities
with an emission trading program that achieved equivalent emission reductions, but in a
way to alow facilities flexibility in achieving emission reduction requirements for NOx
and SOx by methods such as add-on controls, equipment modifications, reformulated
products, operational changes, shutdowns, and the purchase of excess emission
reductions. Facilities for which emission fee datafor 1990 or subsequent year shows four
or more tons per year of NOx or SOx, excluding certain exempt sources, are subject to
this program. Regulation XX specifically identifies requirements for ICEs, in addition to
other specific sources, which include monitoring, reporting and recordkeeping for NOx
and SOx emissions. PAR 1110.2 would apply to VOC and CO emissions from IC
Engines from these sources.
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While only applicable to new electrical generating engines, the CARB 2007 Distributed
Generation Regulation is discussed below.

CARB 2007 Distributed Generation Regulation

Beginning in 2007 CARB required new Distributed Generation (DG) units sold in the
state to be certified by meeting emission standards that are at least equivalent or more
stringent than those for large central power generating stations with BACT. The
emission standards are applicable unless engines are not exempt from any District
requirements. In addition, the regulation calls for currently permitted equipment to meet
the more stringent emission standard by the earliest practicable date. Biogas fueled ICEs
subject to the CARB regulation installed after Januaryl, 2013 must meet the emission
standards of large central power generating stations with BACT.
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Technical Feasibility

Comment: There is no reliable hard data that documents the successful operation of a
landfill gas to energy facility. SCR and gas cleanup for siloxane removal hasn’t been
proven.

Response: While the demonstration projects in our Basin focused on digester gas-
powered biogas engine control systems, such systems are directly applicable to landfill
gas-powered biogas engines. This holds true for the oxidation catalyst/SCR based system
of the successfully completed pilot study by the Orange County Sanitation District as
well as the other control technologies of the ongoing demonstration projects. The
feasibility of biogas cleanup/oxidation catalyst/SCR-based controls on a landfill gas-
powered biogas engine has been demonstrated by Ameresco at Ox Mountain Landfill in
the Bay Area. Staff conducted a site visit to Ameresco’s facility at Ox Mountain Landfill
and verified that the equipment has operated successfully for almost three years with gas
cleanup, oxidation catalyst, and SCR. With the exception of some operational challenges
during commissioning and start-up, the equipment has been effective in meeting the
proposed rule’s emission limits. Ameresco’s TSA system has never experienced a
siloxane breakthrough and consistently removes siloxanes effectively. Gas cleanup for
siloxanes has been in use at landfills is an established technology, as these systems are
currently in use for the protection of landfill gas-fired turbines.

Comment: Flaring biogas is undesirable, but may be necessary if the costs of controls
become too prohibitive.

Response: Staff agrees that the flaring of biogas is undesirable, especially since it is a
renewable resource. However, if a facility decides to flare the biogas and purchase the
lost power from a central power plant, the criteria pollutant impacts will be lower than
operating the biogas engines and, although elevated, the greenhouse gas (GHG) will not
be significant.

Comment: Staff should take into account and analyze the recent deactivation of
OCSD’s oxidation catalyst due to siloxanes in terms of added costs.

Response: Until staff receives and independently reviews the laboratory results, it is
premature to say that siloxanes were the cause of the elevated emissions or conclude that
the oxidation catalyst failed. Staff agrees that the elevated CO emissions above 100
ppmv are not what the facility is accustomed to and provided a reasonable cause for
concern, but the emission levels were still well within compliance when the oxidation
catalyst was removed from service. In spite of the uncertainty associated with the CO
emission increase and to account for the potentially more frequent catalyst replacement
needed, staff has adjusted the annual operating costs to reflect a 2 year life for the catalyst
instead of a three year life. Even with the increased catalyst replacement frequency, the
controls remain cost effective. Please note that Ox Mountain has also experienced a
similar elevation of CO emissions during its three years of operating six engines, but the
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facility has not had to replace a catalyst throughout its entire operation due to
deactivation.

Comment: Staff should conduct a site-by-site analysis of landfill lives for cost
effectiveness. Some landfills are already closed and the 20 year life would not be
realistic for any new equipment.

Response: There is an element of uncertainty associated with the closure of a particular
landfill site. For example, one landfill site was scheduled for closure within the next few
years. It is now our understanding that this same site may remain operating for several
more years due to a decrease in the amount of waste deposited at that site. Also under
consideration should be the fairly low cost-effectiveness of the proposed amendment. On
this basis, a proposed project would still be marginally cost-effective with an equipment
life much less than the assumed 20-year life. For example, the shortest term power
purchase agreement from one of the affected private operators is nine years. Even with a
nine year equipment life, the highest peak value of cost effectiveness is $13,100 per ton.
This value is well within the cost effectiveness of previously adopted or amended NOx
rules. For these projects there is a salvage value associated with the installed equipment,
a value that was not accounted for in the proposed 20-year life project. Ultimately it is a
business decision unique to the particular facility operator to shut down the site prior to
rule implementation in 20165, install the proposed control equipment, opt for one of the
alternate control options (e.g., flex energy), or burn the fuel in other existing equipment
(e.g., boilers and flares), if available.

Comment: Stakeholders have not received any substantial information and data
regarding Ox Mountain’s ability to continue to comply with the proposed emission limits.

Response: Staff conducted a site visit to the facility in April and received a wealth of
information from the facility operators. This information is provided in the Technology
Assessment. In addition, staff has requested more complete CEMS data and is currently
awaiting its receipt. Upon receipt and analysis, Staff will make the information available
to the stakeholders.

Comment: SCR technology is not scalable to smaller engines.

Response: Based on communication with technology vendors, SCR systems are scalable
to the engines of all sizes, including the smallest in the biogas engine inventory. These
vendors have been producing catalytic controls for over 2 decades on a wide variety of
equipment and for engine sizes within the scope of this rule amendment. The control
systems in SCR units are a standard size and are provided at a fixed cost. The catalyst
volume is dependent on the horsepower of the engine and the outlet flow produced, but is
a smaller part of the total price for smaller engines. The catalyst price and housing size
actually begins to increase for higher horsepower engines and flows since more catalyst
blocks are required. SCR systems have been installed on a wide range on engine sizes,
including the size range of the biogas engines subject to this regulation.
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Comment: Commercial, cost-effective technologies are not available.

Response: In staff’s Technology Assessment, Oxidation Catalyst/SCR with gas cleanup
has been identified as feasible, cost-effective technology. Once biogas is cleaned the
catalysts perform at the same level as natural gas-fired engines.

Comment: Biogas is not natural gas and biogas engines should not be subject to the
same emission restrictions as natural gas engines.

Response: The difference between biogas and natural gas is the methane content and,
hence, the BTU level. Installations exist today that convert biogas into high BTU gas
that can actually be injected into the natural gas pipeline. There are also gas cleanup
systems in the District that currently clean landfill gas for powering gas turbines. Staff
feels that when properly cleaned, biogas can run an engine with controls and should be
subject to the same requirements as those for natural gas engines, especially when the
emissions from current biogas engines are 55 times higher than those of central power
plants.

Operational/Compliance

Comment: NOx excursions above the compliance limit will be expected at landfill sites.
Maintaining the efficiency correction factor (ECF) would help to accommodate these
excursions.

Response: Staff’s proposal of using a longer averaging time will actually benefit a
facility better than using the ECF. For example, an engine with an ECF of 1.25 will have
a NOx limit of 13.75 ppmv. The longer averaging time proposed in the rule will aid in
addressing spikes that are much higher than 13.75 ppmv, as long as the equipment is
consistent in meeting lower mass emissions.

Comment: The operation of the NOxTech does not necessarily require an Air-to-Fuel-
Ratio Controller (AFRC) to function properly. A rule provision should be added to make
an allowance for an AFRC to be optional when operating the NOxTech.

Response: The rule allows for alternative controls with an equivalent environmental
benefit to be maintained, approvable by the Executive Officer. On this basis, the use of
the NOxTech, provided that it meets the rule limits, is potentially approvable.

Comment: Rule 1110.2 should be amended to make the breakdown provision consistent
with that in Rule 430 in that a breakdown that results in the violation of any rule or
permit condition be reported to the District within one hour of such event.
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Response: The reporting provisions in Rule 430 and in Rule 1110.2 are both clear in
classifying breakdowns that result in the violation of a rule or permit condition and those
that result in excess emissions that violate a rule or permit condition. An operator has to
be mindful of other rule or permit conditions, including those under Rule 430.

Comment: A shutdown provision should be added to the rule in addition to the 30
minute start-up exemption.

Response: Staff agrees with the commenter and has added the shutdown provision in the
staff proposal to allow for proper cool down of engines and control equipment.

Comment: To remain in compliance, oxygen set points can be adjusted before going out
of compliance. But the penalty incurred for this preventative measure is to return to a
more frequent portable analyzer testing schedule.

Response: Staff agrees with the commenter and has included in the staff proposal the
allowance for oxygen set point adjustments without returning to a more frequent portable
analyzer testing schedule if the engine is in compliance before and after the set point
adjustment.

Comment: When adhering to a portable analyzer testing schedule, some tests will
coincide with a source test. A source test followed by a portable analyzer check at the
same time is unnecessarily repetitive.

Response: Staff agrees with the commenter and has made a clarification in the Staff
Report to allow source test results to be used in lieu of concurrently scheduled portable
analyzer checks.

Comment: A clarification is needed to allow for the temporary removal of a catalyst for
up to four hours after engine start-up following an engine overhaul or major repair
requiring removal of a cylinder head. Oil and particulate contaminants from engine work
can ruin a catalyst if it is operating during start-up.

Response: Staff agrees with the commenter and has made a clarification in the Staff
Report to allow the temporary removal of a catalyst under the exemption provisions of
Rule 1110.2(h)(11).

Comment: For operators of lean burn engines with low CO emissions, the currently
required quarterly portable analyzer checks are unnecessary. Biannual source tests would
be sufficient for compliance.

Response: The application of portable analyzer checks on a quarterly basis was the
result of an extensive rule making process. The commenter will need to provide data to
show that biannual source tests would be sufficient.
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Comment: RECLAIM quarterly certification of emissions (QCER) reports are due
within 30 days of the end of a quarter, but the Rule 1110.2 Inspection and Monitoring
(1&M) reports are due within 15 days of the end of a quarter. RECLAIM facilities would
like the submittal of the two reports to coincide at 30 days.

Response: It is not surprising that different rules will have different reporting
requirements. These differences extend to both the content and submittal schedule of the
reports. Unless the commenter can demonstrate the Rule 1110.2 reporting schedule
should be lengthened, the current schedule will remain intact.

Comment: The proposed 2412 hour averaging time should be applied to CO as well as
NOX.

Response: Staff agrees and has modified the staff proposal to extend the longer
averaging time option to CO.

Comment: The proposed lowering of the CO and VOC emission levels for new
distributed generation (DG) engines to the CARB DG standard is unattainable. Current,
on-going projects that are barely capable of meeting the current rule standards will not be
able to meet the proposed levels. Some new projects will have to cease, allowing old,
grandfathered engines to continue to operate. With the San Onofre plant possibly
shutting down, there could be significant implications with distributed generation in
California.

Response: Based on the response from industry and the current status of the technology,
staff will retain the current standard, but will consider lowering the standard to the CARB
level in the future.

Compliance Schedule

Comment: The two year implementation deadline is not realistic for the design and
construction of catalytic controls, especially for public agencies.

Response: Staff has revised its proposal to extend the compliance schedule to-3-and-4
three and a half years beyond the July 1, 2012 date, with up to 2 additional years for
operators under long term fixed price power purchase agreements entered into before the
February 1, 2008 amendments and extending beyond the January 1, 2016 compliance
date with the payment of the compliance flexibility fee.

Comment: Other potential technologies seem infeasible with the current two to three
year implementation schedule since they have not been proven to be effective.

Response: The Technology Assessment is providing ample evidence about the
feasibility of controlling emissions from biogas engines through an oxidation
catalyst/SCR control system in conjunction with a biogas cleanup system. The proposed
three-to—four three and a half year implementation schedule will allow for additional
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technology demonstration projects to complete and provide stakeholders with more
choice and enough time to allocate funds, permit, construct, and install the equipment.

Comment: The compliance schedule should be conditional upon meeting certain
technology demonstration goals by keeping the Technology Assessment open, thus
allowing the technology to prove itself before committing to a schedule.

Response: Staff will commit to continue the technology review/implementation process
and report back to the Stationary Source Committee beginning no later thanby July 1,
2013 to assure that the schedule for compliance is reasonable and to make appropriate
recommendation on potential rule changes if necessary.

Cost Effectiveness

Comment: The cost analysis should be conducted using dollars per KW hour. This is
more relevant to an operator’s decision making to justify the project. The Interim
Technology Assessment committed to analyzing costs using this metric.

Response: While it is difficult to perform this type of analysis since every single facility
and operator affected by the proposed amendments is unique, Staff did calculate costs in
dollars per kW hour in its analysis across the range of engine sizes with considerable
contingencies. The fact remains that the environmental benefits are not reflected at all in
a cost per kW hour calculation. As operators make decisions based on dollars per kW
hour, our Governing Board has to make decisions based on the cost per ton of pollutants
removed.

Comment: EXisting gas cleanup equipment was used in OCSD and the costs for a brand
new system should be included in AQMD’s cost analysis.

Response: OCSD used its existing compressors and chillers for its gas cleanup. Other
operators also have similar existing equipment. However, Staff has applied a 20%
contingency to the equipment capital costs to account for the necessity of some facilities
to install brand new equipment, such as compressors and chillers. These costs are
reflected in Staff’s cost effectiveness analysis.

Comment: The costs are based on OCSD low siloxane levels. There is no analysis for
facilities with much higher siloxane loads, such as in landfill applications.

Response: OCSD changed its media three times during its year-long demonstration
project. The cost analysis has also accounted for much more frequent carbon media
change-outs (monthly), to account for scenarios with higher siloxane loads. This will
obviously drive up the operational costs and is reflected in Staff’s analysis as a cost
contingency.

Comment: The emission reductions that Staff calculated for Ox Mountain are not
considering the actual emission levels and overstate the emission reductions.
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Response: For rulemaking, it is the standard practice to calculate emission reductions
from rule or permit limits to the proposed limits. Actual emission levels and source tests
are “snapshots” of a moment in time and, although compliant, may not accurately reflect
the emissions for any other given time period. Please do note that if one considers the
better than expected performance of the control technologies, arguably there are
additional reductions that can be claimed above and beyond the proposed rule limits.
Therefore, staff believes that calculating emission reductions from current limits to future
rule limits, for the purposes of estimating cost effectiveness, is a reasonable approach.

Comment: Plants with less engines and less capacity will pay a much higher capital cost
for gas cleanup.

Response: The size of the gas cleanup system is dependent on the overall fuel flow rate
of the gas that will be used by the engines. Smaller fuel flows will require smaller media
vessels. The operating costs will depend on the siloxane load and how often media
change-outs are required.

Comment: Staff has not incorporated the costs submitted by the affected facilities into
its cost effectiveness analysis.

Response: District staff solicited cost information from all the affected biogas facility
operators and received detailed costs for half of these facilities. Based on the costs
provided by the twelve facilities and applying emission reductions from existing to
proposed rule limits, the current cost effectiveness range as submitted by the twelve
facilities using the DCF model is $2,700 to $50,100 per ton of NOx, VOC, and CO/7.
This is a wide range and is difficult to normalize based on the wide variety of cost
assumptions submitted. OCSD’s calculated cost effectiveness, including additional
contingencies, amounted to $2,600 per ton. It should be noted that the OCSD’s cost
effectiveness is based on actual data, not estimated data by the twelve facilities. A cost
effectiveness of $30,000 per ton roughly signifies the upper limit for rules presented to
the AQMD Governing Board, based on past rulemakings. All of the cost submittals
contained contingencies of varying degrees, and others added inflation rates to the cost
estimates. These cost components have never been used in any of the past AQMD cost
effectiveness analyses. The cost effectiveness of two facilities ($48,200 and $50,100 per
ton) illustrates the effect of excessive contingencies added to the capital and operating
costs. One facility had capital contingencies up to 50%, in addition to its project design
and management contingencies. Some of the equipment costs are significantly higher
than those provided by vendors, even with contingencies added. OCSD’s operating costs
in its final report were $58,950, while some of the others facilities’ were orders of
magnitude higher (as high as over 10 times). These excessively high contingencies and
operating costs are inappropriate for a cost effectiveness analysis that has a reference
point based on actual cost data. Even though the twelve facilities provided their own cost
data, inflation rates, and contingency factors, only the two aforementioned facilities’ cost
effectiveness went above the Board-accepted cost effectiveness for recently amended
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AQMD rules. Taking this into account as well as the cost effectiveness analysis based on
actual cost data clearly indicates that the staff proposed rule amendment is cost effective.

Comment: No costs for additional maintenance for the gas cleanup system and catalyst
controls as well as costs for lost electricity during maintenance were provided for Ox
Mountain, which can drive up costs.

Response: Gas cleanup generally results in extending the engine’s operating cycle and
reducing the maintenance cycles and frequency during which engines must be taken out
of operation and undergo expensive repairs. Longer operating cycles and reduced
maintenance translate into more power produced and reduced operating costs. These cost
savings were not identified by the commenter. Staff has added contingencies in its cost
analysis to cover some of the potential costs identified by the commenter. With the
contingencies added, the cost effectiveness is well within (by a factor of 6) the rough
upper bound of $30,000 per ton, based on previous AQMD rulemakings. Consequently,
even if costs for maintenance and reduced power production nominally increase for a
particular installation adjusted with the previously mentioned cost savings, the resulting
cost effectiveness would be well within the upper bound value and thus, still cost
effective.

Space Limitations

Comment: The space limitations at some facilities would make it impossible to add
oxidation catalyst and SCR controls to the engines.

Response: Catalyst manufacturers and installers have found innovative ways to design
and construct structures and piping to accommodate varying configurations. For
example, OCSD’s project involved the construction of an elevated platform outside of the
engine building to allow for vehicle traffic underneath. Other installations use elevated
supports, roof-mounted supports, and even wall-mounted supports where plot space is
very limited.

Financing Control Equipment

Comment: EXxisting power purchase agreements (PPAs) make it impossible to make any
capital expenditures on control equipment. Any modifications would be economically
infeasible and would likely lead to flaring.

Response: Staff has requested the PPAs from those affected for review by District
Counsel, per the recommendation from members of the Stationary Source Committee at
its April 2012 meeting. To date, staff has not received any PPAs from the affected
facilities. It should be noted that the ongoing rule development process regarding the
biogas engines was initiated well before the 2008 amendments, which provided the
operators with more than adequate time to revise their PPAs prior to the future effective
| dates. Despite this, staff is proposing an alternate compliance option for these affected
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facilities, which will provide up to two additional years for compliance beyond the
January 1, 2016 compliance date, with the payment of a compliance flexibility fee. Only
operators that entered into power purchase agreements prior to the February 1, 2008
amendments and that extend beyond the January 1, 2016 compliance date are eligible to
benefit from the alternate compliance option.

Comment: The stakeholders need help in achieving a legislative fix to provide
additional financial incentives for biogas energy projects.

Response: The AQMD will be a willing participant in the support of legislation that will
provide additional financial incentives for biogas energy projects and has already taken
support position on several pending legislations.

Comment: Current State legislation prohibits any landfill gas to pipeline projects. The
stakeholders also need District support in helping stakeholders reach this goal.

Response: The AQMD will also be a willing participant in support of allowing
stakeholders to inject clean landfill gas into the gas pipeline, provided it is cleaned up to
reasonable specifications established by CPUC or State law.

GHG Impacts

Comment: Staff needs to consider criteria pollutant emissions that are offset from
operating biogas engines and not flaring and purchasing electricity from the central
power plants.

Response: Staff has considered the tradeoffs between generating electricity with biogas
engines meeting current emission limits and central power plants. While increased
flaring of biogas results in increased electricity generation from central plants to meet
demand, the resulting criteria pollutant emissions impact from both central power plants
and biogas flaring would be less than current engine emissions and, for GHG emissions,
would be slightly higher. Staff has analyzed the impact of potential increased flaring in
the staff report and in the Technology Assessment.

Comment: Staff needs to acknowledge the benefit of gas to energy projects as better
overall for GHG emissions than flaring.

Response: AQMD staff acknowledges the benefits of biogas to energy projects. Since
the South Coast is a non-attainment area for ozone, achieving criteria pollutant reductions
is a priority for AQMD and CARB. In our GHG analysis, it is clear that the criteria
emissions from flaring are lower than from biogas ICEs. Staff, however, is mindful that
flaring is undesirable and understands the importance of maintaining the productivity of
biogas to energy projects. Since biogas engines pollute significantly more than their
natural gas counterparts and central power plants, it is staff’s desire to decrease biogas
ICE emissions by requiring controls which are both feasible and cost effective. Given the
region’s extreme non-attainment status with respect to the 8-hour ozone standard and

A-9 August 2012



PAR 1110.2 Revised Draft Staff Report

non-attainment status with respect to the PM2.5 standards, the superior criteria pollutant
reduction benefits (especially in NOXx) of the staff proposal (even with increased flaring)
will more than compensate for the slight disbenefit in GHG emissions.
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INTRODUCTION

Rule 1110.2 establishes emission limits of NOx, VOC, and CO for stationary, non-
emergency gaseous- and liquid-fueled engines, including the 55 engines in this source
category, that are fueled by landfill or digester gas (biogas). The emissions from biogas
engines amount to approximately 1.3 tons per day of NOx, 0.8 tons per day of VOC, and
25.6 tons per day of CO.

Rule 1110.2 was amended on February 1, 2008 to lower the emission limits of natural gas
and biogas engines to BACT levels for NOx and VOC and to levels close to BACT for
CO. The limits for natural gas engines at or above 500 bhp took effect on July 1, 2010,
while those for natural gas engines below 500 bhp took effect on July 1, 2011. Biogas
engines were given until July 1, 2012 to comply with the new limits.

Table 1. Current and Future Biogas Engine Emission Limits (ppmvd @15% O,)

NOx VOC Cco

> 500bhp 36 x ECF* 250 x ECF* (digester) 2000
40  (landfill)

< 500 bhp 45 x ECF* 250 x ECF* (digester) 2000
40  (landfill)

Future limits* 11 30 250

*ECF isthe Efficiency Correction Factor

1 The “future” limits are those that were originaly scheduled to go into effect July 1,
2012, but did not go into effect, as explained bel ow.

The future emission levelsin Table 1 are based on BACT limits for lean-burn natural gas
engines, which in g/bhp-hr are 0.15 for NOx, 0.6 for CO, and 0.15 for VOC. The current
BACT limits for biogas engines are much higher. Expressed in g/bhp-hr, they are 0.6 for
NOXx, 2.5 for CO, and 0.8 for VOC. Figure 1 highlights this difference.
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Figure 1. Biogas vs. Natural Gas BACT in g/bhp-hr

The BACT limits for lean-burn natural gas engines have been in effect for many years
and many installations are complying with these limits by way of oxidation catalysts for
CO and VOC control and selective catal ytic reduction (SCR) for NOx control.

The amendment and adopting resolutions of Rule 1110.2 in 2008 directed staff to conduct
a Technology Assessment to address the availability, feasibility, cost-effectiveness,
compliance schedule, and global warming gas impacts of biogas engine control
technologies and report back to the Governing Board no later than July 2010.
Immediately after the 2008 amendment, staff began work on the Technology Assessment
and followed the progress of several technology demonstration projects.

1. OCSD_(Orange County Sanitation District). A year-long pilot study utilizing a
digester gas cleanup system (non-regenerative) and catalytic oxidation with
selective catal ytic reduction.

2. EMWD (Eastern Municipal Water District). Two selective non-catalytic reduction
technologies applied to water and wastewater treatment applications. One
technology (NOxTech) was installed at a pumping station with three natural gas-
fired engines. The other technology utilizes fuel cells to produce power from
digester gas at two of its wastewater treatment facilities.




3. IEUA (Inland Empire Utilities Agency). Fuel cells have been installed at this
digester gas facility to eventually replace the |C engines currently installed.

4. Ox Mountain. This installation in the Bay Area uses biogas cleanup, catalytic
oxidation, and SCR to produce power from landfill gas. The technology is similar
to OCSD’sin its post combustion after treatment, but uses a regenerative siloxane
removal system to clean the landfill gas.

In July 2010, staff presented to the Governing Board an Interim Technology Assessment
which summarized the biogas cleanup and biogas engine control technologies to date and
the status of on-going demonstration projects. Due to the delays caused by the permit
moratorium in 2009, the release of another report was recommended upon the compl etion
of these projects. The Interim Technology Assessment concluded that feasible, cost-
effective technology that could support the feasibility of the July 2012 emission limitsis
avallable, but that the delay in the demonstration projects would likely necessitate an
adjustment to the July 1, 2012 compliance date of Rule 1110.2.

The proposed amendments for Rule 1110.2 provide an adjustment to the July 1, 2012
compliance date. Since July 2010, District staff has received ample evidence in support
of the feasibility of biogas engine control technology and the feasibility of the
compliance limits to complete the Technology Assessment. This Final Technology
Assessment discusses the technologies pertinent to biogas engines for complying with
these emission limits.

BIOGAS CLEANUP

For natural gas engines, the use of catalyst after-treatment is an effective method for
pollutant control. However, Rule 1110.2 did not lower the emission limits for biogas
engines at the same time as natural gas engines because the same catalyst controls for
natural gas engines would experience fouling when exposed to the combustion products
of biogas. It was learned that the cause of the catalyst fouling was due to a specific
impurity in the gas stream. These impurities are now known as siloxanes.

In the 2010 Interim Technology Assessment, the impacts of siloxanes were highlighted
and evaluated in terms of facility-specific levels and control costs. The conclusion was
that by installing an appropriately designed biogas cleanup system, an engine along with
its post-combustion control system can function properly.

A prime concern for many biogas engine operators is the quality of the fuel going into the
engines. Biogas, whether coming from a wastewater treatment plant digester or from a
3



landfill, has many impurities, including but not limited to sulfur-containing compounds
and siloxanes, that require some sort of treatment. If left untreated, raw biogas can
damage engine components that will result in more maintenance and ultimately, reduced
longevity of an engine. Siloxanes crystallize at elevated temperatures and can become
deposited even in fuel lines. Upon combustion, siloxanes oxidize and more commonly
become deposited on engine parts (pistons, piston sleeves, and valves) as silicon dioxide
(S510,). Asaresult, more frequent major maintenance on enginesis required so that these
deposits can be cleaned up from within the engine. These major repairs involve the
removal of the engine head to access the internal valves and piston shafts. Failure to
perform this kind of maintenance can result in catastrophic damage to an engine. The
pretreatment of biogas is even more critical with the employment of catalyst-based after-
treatment technologies downstream from the engines. If left untreated, these siloxane
impurities can negatively affect the catalysts. The catalyst active sites can become
masked by the deposition of the slica, therefore reducing the efficiency of the entire
catalyst for pollutant removal.

Since the release of the Interim Technology Assessment and the installation of severa
biogas cleanup systems in the basin, it has been established that biogas cleanup cannot
consist of siloxane removal only. Depending on the source of the raw biogas, some
facilities have biogas profiles that contain varying levels of other pollutants, such as
VOCs and sulfur compounds. Also, with the installation of fuel cells and gas turbines
operating on biogas in the basin, the fuel specifications for these sophisticated units are
extremely stringent for impurities. Biogas entering these systems must be completely
cleaned of many impurities to guarantee proper performance.

Some facilities currently have practically no gas cleanup while most others employ some
sort of gas cleanup for improved engine maintenance. On the other hand, a few facilities
aready employ a complete biogas cleanup system for protection of post combustion
catalysts or turbines. Many facilities often utilize a typical cleanup system that resultsin
moisture and particulate removal only. The previously mentioned demonstration project
a the Orange County Sanitation District (OCSD) utilized the facility’s existing
compressors and chillers, while relying on a single activated carbon vessel as the sole
source for siloxane removal. This digester gas cleaning system (DGCS) was installed
(supplied by Applied Filter Technology) to remove contaminants from the digester gas
before combustion and the potential for carbon media breakthrough was routinely
monitored throughout the pilot study. Depending on the existing level of contaminants,
some facilities may have to install complete, skid-mounted gas cleanup systems that can
include water and particulate removal filters, sorbent vessels for H,S and siloxane
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removal, compressors, chillers, coalescing filters, and vessels for VOC and sulfur species
removal if necessary.

As described in the Interim Technology Assessment, there are two types of siloxane
removal systems. regenerative and non-regenerative. Regenerative siloxane removal
systems do not require constant removal of the sorbent material from the vessels. The
vessels are set up in pairs and while the media in the first vessel is regenerated using a
heated purge gas the second vessel handles the siloxane cleanup load. The regeneration
cycle then switches to the second vessel when it nears its removal efficiency limit, while
the first vessel now handles the gas cleanup.

The regenerative siloxane removal system at Ox Mountain Landfill is the only
installation that currently uses this type of system for the protection of a post-combustion
catalyst on a landfill gas-fired engine. Ox Mountain Landfill is located at Half Moon
Bay, CA which is within the Bay Area Air Quality Management District’'s (BAAQMD)
jurisdiction. The landfill gas to energy site (operated by Ameresco) has six GE-
Jenbacher engines, each rated at 2677 bhp, that are fired on landfill gas. All six engines
have been retrofitted with oxidation catalysts, while one of the engines aso has an SCR
system. The gas cleanup system with regenerative siloxane removal processes the gas for
al the engines. It employs a Temperature Swing Adsorption (TSA) regenerative siloxane
removal system manufactured by GE-Jenbacher. Eight pairs of adsorption beds (16 total
vessels) using regenerative activated carbon are employed at this installation. AlO, isan
alternate media that is used as other locations. Electric coils in the vessel annular space
heat the carbon media while clean biogas is flushed through the beds as a purge gas. The
purge gas is then combusted by a small, enclosed flare. At Ox Mountain, eight vessels
are actively removing impurities while the other eight are being regenerated. The
parasitic load of the TSA system is obviously higher when actively heating the vessels,
but it is about 5% of the total plant’s output. The gas cleanup and oxidation catalyst/SCR
was commissioned in 2009 and has shown to be very effective in the removal of
siloxanes from the landfill gas. Performance data from 2009 to 2011 shows that the
system is removing between 95 and 99 percent of inlet siloxanes (inlet between 7 and 10
ppmv with reported spikes between 25 and 50 ppmv), while no siloxane breakthrough has
ever occurred at this facility. The gas is tested periodically, while carbon media and
engine samples are also analyzed. Ox Mountain’'s TSA media requires a complete
replacement around every twelve months, but some installations can go longer before
media replacement. Every instalation will have its own unique gas profile, so the
regeneration cycles will be specific for every location and will take start-up time and



testing to optimize. The engines at Ox Mountain have also enjoyed the benefit of less
frequent maintenance, and can run for much longer between major overhauls.

Non-regenerative siloxane removal systems require periodic replacement of the sorbent
material (activated carbon or silicagel) onceit is spent. Additionally, the use of two beds
is more beneficial in that one bed can still be used while the other is recharged with fresh
sorbent and vice versa. These systems are sized to handle the site-specific flow rate into
al the facility’s biogas engines and the siloxane load. Larger vessels are required for
higher flow rate applications and a higher frequency of sorbent replacement is required
for biogas streams with higher levels of siloxanes. A redundant dual-bed system enables
the handling of intermittent spikes.

The following two tables (Table 2 and Table 3) are updates from the Interim Technology
Assessment regarding catalyst performance with the protection of biogas cleanup with
non-regenerative siloxane removal systems located both inside and outside of SCAQMD
jurisdiction. All of the systems have been successfully operating with varying levels of
biogas and the oxidation/SCR catal ysts have been protected.

The demonstration project a8 OCSD has proven that a non-regenerative siloxane
treatment system can condition biogas and protect biogas engines and post combustion
catalysts. The gas cleanup system removed siloxanes, VOCs, and sulfur compounds
effectively without any breakthrough to the engines. An added benefit was realized in
that there was a reduction in the engine maintenance due to the cleaner biogas that was
being combusted. Furthermore, the result was a cost savings for engine maintenance,
increased engine uptime, and longer maintenance intervals. The OCSD demonstration
project saved $43,547 in engine maintenance costs annually with the use and careful
monitoring of the gas cleanup system. Additionaly, the gas cleanup system from its
catalytic oxidizer pilot study in 2007 is still in operation today based on the performance
improvements to the engine and the reduced maintenance costs.

With the demonstration project at OCSD completed and the installation at Ox Mountain
in its third year, the employment of both regenerative and non-regenerative siloxane
removal systems for the protection of post-combustion catalyst has been proven to be
feasible. Performance data from both installations demonstrates effective siloxane
removal for both digester and landfill gas applications.



Table 2. Non-Regenerative Siloxane Removal Systems Located in SCAQMD

System Type of Size Combustion Natural Catalyst(s) | Startup | Operating Status Comments
Biogas (SCFM Device Gas Blend Year History
Biogas) in
Combustion
Device
Orange Digester 850 IC Engine 10% Max Oxidation 2006 Engine Operating | Similar system
County Gas operation has tested in pilot
Sanitation been normal study in 2010
District
Brea Parent Landfill 3,000 IC Engine (3) None Oxidation 2006 Engine Operating | Similar system
2007, LLC Gas operation has will be used on
been normal new turbine
plant with
Oxidation/SCR
catalysts
City of Landfill 267 IC Engine 73%+ SCR and 2005 Seasonal Use of Methane
Industry Gas Oxidation Operation biogas content too
ended 2007 low
UCLA Landfill 3,472 Gas Turbine 78%+ SCR and 1994 Turbine Operating
Gas Oxidation operation has
been normal
LADWP Digester 5,555 Boiler (2) 89%+ SCR and 2001 Boilershave | Operating
Scattergood Gas Oxidation beenin
Generating normal
Station operation




Table 3. Non-Regenerative Siloxane Removal Systems Located Outside of SCAQMD

System | Type of Size Combustion Natural Catalyst(s) | Startup | Operating Status Comments
Biogas | (SCFM Device Gas Blend Year History
Biogas) in
Combustion
Device
Carson Digester 2,500 Gas Turbine 75% SCR 1996 Turbine Operating Digester gas
Cogen (Elk Gas operation has now is
Grove, CA) been normal further
cleaned and
transferred
vianatural
gas pipeline
to another
power plant
Bergen Digester 300800 IC Engine 10-20%MNene Oxidation 20082 ICEngine | OperatingAwaiting | CO limitis
County Gas operation Stotus 27.1 ppmv,
Utilities was hormal SO more
Authority frequent
(NJ) catalyst
replacements
arerequired
City of Digester 240 IC Engine None Oxidation 2004 IC Engine Awaiting Status
Eugene Gas operation has
Wastewater been normal
Treatment
Plant




CATALYTIC OXIDATION/SELECTIVE CATALYTIC REDUCTION

A proven and effective means for CO, VOC, and NOx control among natural gas fueled
lean-burn engines is catalytic oxidation with selective catalytic reduction (SCR). If the
raw biogas is cleaned sufficiently and effectively, there is no danger of fouling any post
combustion catalyst by siloxane deposition.

Catalytic oxidation removes CO and VOC upon its contact with the catalyst. Oxidation
catalysts contain precious metals that react incoming CO and VOC with oxygen to
produce CO, and water vapor. Reductions greater than 90% in CO and VOC emissions
are typical with this technology.

SCR can be used with lean-burn engines since the higher oxygen concentrations in the
exhaust preclude the use of less costly nonselective catalytic reduction (NSCR or three-
way catalysts). SCR requires the injection of ureato react with the NOx in the engine's
flue gas, and is very effective in its removal. The SCR catalyst promotes the reaction of
ammonia with NOx and oxygen, with water vapor and nitrogen gas being the end
products.

The demonstration project at OCSD has shown with certainty that this combination of
post combustion systems (oxidation catalyst and SCR) is capable of handling treated
biogas combustion exhaust for multi-pollutant control. The District issued a grant to
OCSD in 2009 (SCAQMD Contract #10114) to support the pilot test study of Engine No.
1 (in Fountain Valley) with a catalytic oxidizer/SCR with digester gas cleanup, and the
operation of the pilot study was granted a Permit to Construct/Operate for an
Experimental Research Project by SCAQMD (Application Number 497717) in
November 2009. The construction and installation of the pilot study equipment
commenced in October 2009; the pilot study testing officially began on April 1, 2010 and
officially ended on March 31, 2011. A continuous emission monitoring system (CEMS)
was used for analysis of NOx and CO emissions. The sampling methods for several other
pollutants are listed in Table 4.



Table 4. Sampling Methods for Pollutants in OCSD Pilot Study

Pollutant Sampling Method

CO CEMS, Portable Analyzer, SCAQMD Method 100.1

VOC SCAQMD Methods 25.1/25.3

NOx CEMS, Portable Analyzer, SCAQMD Method 100.1

Aldehydes Modified CARB Method 430, SCAQMD Method 323
(Formaldehyde)

Free Ammonia (Ammoniaslip) | Modified SCAQMD Method 207.1 and Draeger®
tubes

The results of the pilot study are as follows:

1. NOx emissions averaged around 7 ppmv, well below the proposed rule limit of 11
ppmv by over 35 percent.

2. VOC emissions averaged around 3.6 ppmv, well below the proposed rule limit of
30 ppmv by 88 percent.

3. CO emissions averaged around 7.5 ppmv, well below the proposed rule limit of
250 ppmv by 97 percent.

The maximum VOC level reached was around 5 ppmv, while the maximum CO level
reached was 42 ppmv. The results were based on a 15-minute averaging time, per the
current rule requirements. There were some NOx excursions during the testing period,
however, and these accounted for around 4% of the total 15-minute measurement periods,
using both valid and invalid data. Exceedances that were attributed to engine start-up
(first 30 minutes), operational issues (breakdowns), and system adjustments were
excluded and labeled invalid. Only validated data was used to account for the excursions,
and these accounted for 0.9% of the total time periods.

Data from the OCSD demonstration project indicates that the emission control system
reduces emissions of air toxics. The gas cleanup system removes acid gases, sulfur
compounds, volatile air toxics, including aromatic and chlorinated organic compounds,
and particulates that contain toxic compounds. OCSD took samples of digester gas
before and after the gas cleanup system. The test program analyzed 66 organic
compounds including 16 air toxics. OCSD test results indicate that concentrations of air

10




toxic_compounds are reduced, non-detectable, or not changed. Emissions of aromatic
hydrocarbons, precursors to formation of dioxins and furans, are significantly reduced.
Emission of formadehyde from the engine, the most significant source of risk from the
facility, was reduced by 98% to below 1 ppm. This reduction is achieved by the
oxidation catalyst. This combination of a gas cleanup system, oxidation catalyst and
SCR will not increase emissions of air toxics and reduces the major source of risk from
continued operation of these engines. The CEQA document for proposed amended rule
1110.2 provides additional information of air toxic impacts for the proposed rule.

OCSD’sfinal report recommended a less restrictive averaging time for biogas engines as
a result of the pilot study data. Staff analyzed several possible averaging times to
determine an acceptable time period that would address the exceedances without
affecting the mass emissions. Using OCSD’s 15-minute raw data from its pilot study,
several averaging times were evaluated; the results listed in Table 5. Consistent with
OCSD'’s analysis, only validated 15-minute block average data was used (not including
exceedances due to start-up, atypical operating conditions, breakdowns, and system
adjustments).

Table 5. OCSD Pilot Study NOx CEMS Data

Averaging Time | Number of 15-minute
(hours) periods >11 ppmv
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Staff found that an 8 hour block-averaging time would address OCSD’s exceedances
above 11 ppmv. As aresult of this analysis, staff is proposing for engines with controls
achieving superior performance in terms of reducing emissions, a 2412 hour averaging
time to be able to comfortably address NOx exceedances without affecting the overall
mass emissions. This longer averaging time will be extended to CO as well in the Staff
proposal. With the results obtained, the OCSD project has demonstrated that this type of
control technology can prove effective for meeting the proposed Rule 1110.2 limits.

A consideration that is always taken when applying SCR technology is the potential for
ammonia dlip when injecting urea into any exhaust gas stream. Ammonia is a toxic
compound, and careful control must be taken in order to prevent excess amounts from
escaping out of the stack. A limit of 10 ppm was assigned on the project’s research
permit and the maximum level emitted was 5 ppm during the pilot demonstration. An
important factor when adjusting urea injection rates is ensuring that sufficient amounts of
urea are injected in response to the engine' s load demand and/or NOx level in real time or
as close to real time as possible. Thisisto prevent too much ammonia from escaping out
of the stack while simultaneously preventing too little urea from entering the exhaust
stream that can result in an increase in NOx out of the stack.

An instalation that also uses an oxidation catalyst/SCR technology, but applied to a
landfill, is located at the Ox Mountain Landfill in northern California (Figure 2).
Ameresco isthe facility operator of the biogas engines at this location. One of its six GE-
Jenbacher engines on-site was outfitted with both a catalytic oxidizer and SCR system in
2009 and has been operating since. Data that has been obtained from the BAAQMD has
shown that the proposed Rule 1110.2 limits are achievable. CEMS data obtained from
2010 shows a consistent performance level that is consistent with OCSD’ s pilot study. In
addition, monthly emission data shows that the proposed emissions limits are being
achieved on an average mass per brake horsepower hour basis. The engines experienced
some problems soon after startup, but the catalysts have performed effectively since
2009. The oxidation catalyst employs a guard bed upstream of the catalyst to aid in
protection from harmful contaminants. The SCR catalyst has not been replaced since
start-up, and has yielded efficient NOx removal for over 26,000 hours. The NOx
excursions above 11 ppm throughout the operation of this installation have been
attributed to operational problems with the engines, the SCR urea injection system, and
monitoring problems. There are many moving parts in a urea injection system and in
CEMS equipment, so problems were experienced with plugged nozzles, condensation in
sampling lines, sample pump failures, and NOx cell failures that led to NOx events above
11 ppmv. From Ameresco’s experience at Ox Mountain, the oxidation catalyst has
12



experienced decreased performance over time, but not above our proposed compliance
limit of 250 ppmv. Engine wear has been suspected as the cause from the catalyst
manufacturer, but there has been no evidence of any siloxane breakthrough or siloxane
buildup at the oxidation catalysts for any of the six units.

Several biogas engine installations in the San Joaquin Valley are achieving compliant
emissions today, running on dairy digester gas. Two installations (one at a winery and
another at a dairy) are meeting the 11 ppmv NOx limit, but these engines are rich burn
engines, and operate with NSCR post combustion controls. The source test results for
NOx corrected to 15% O, _ranged from 1 to 10 ppmv for those engines. However,
another installation for alean burn engine at a dairy is achieving the proposed 11 ppmv
NOx limit with SCR. The most recent source test resulted in a NOx concentration of
5.63 ppmv @15% O, (a93% NOx reduction).

Figure 2. Ox Mountain’s Landfill Gas to Energy Facility in Half Moon Bay, CA

NOXTECH

NOXxTech is another post combustion control technology which provides a selective non-
catalytic reduction, does not require gas cleanup, and is capable of achieving multi-
pollutant control of NOx, VOC, and CO. Engine exhaust gases enter the unit where the
temperature is raised by a heat exchanger. The gases then enter a reaction chamber
where a small amount of the engine’s fuel is added to raise the gas temperature to 1400-
1500°F. At this temperature in the reaction chamber, NOx reduction can occur using
urea injection, while CO and VOC are simultaneously incinerated. The system is
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designed to handle biogas that is of a lower BTU content than higher BTU natural gas.
Natural gas has a BTU of 1,050 BTU per cubic foot, while biogas has a BTU range
(depending of the methane content) of approximately 650 BTU per cubic foot.
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Figure 3. NOxTech System

As mentioned in the Interim Technology Assessment, a full-scale demonstration of this
technology occurred at Woodville Landfill in Tulare starting in 2006, which achieved
favorable results. The NOxTech unit was able to achieve NOx, CO, and VOC emissions
below the proposed rule limits while running on landfill gas and in combination with a
diesel engine to produce more exhaust flow. This project operated for four and a half
years until the landfill was no longer able to provide sufficient gas to the engine. Two
NOxTech units were operated by Southern California Edison (SCE) on diesel engines on
Catalina Island from 1995 to 2001. Staff has again requested information from SCE
regarding its experience and performance from this demonstration project. In May 2010,
Eastern Municipal Water District (EMWD) installed a NOxTech unit at its Mills
Pumping Station in Riverside. This site operates three natura gas fired internal
14




combustion engines and the NOxTech unit is capable of handling the exhaust gas streams
for multiple engines up to a maximum total rating of 1.5 MW (approximately 2000 bhp,
depending on efficiency). While originally designed to treat exhaust gases from biogas
engines, EMWD opted to test the NOxTech system with its natural gas-powered engines.
The NOxTech system installed downstream of natural gas-powered engines a8 EMWD
experienced some setbacks and was not able to achieve NOx levels that were in
compliance with the proposed 11 ppmv rule limit in 2011 because the system was
operating at higher than expected temperatures, resulting in higher than expected thermal
NOx formation. The combustion of a higher BTU natural gas fuel also burns more
quickly, elevating the exhaust temperatures. A variance was granted by the AQMD for
the installation and additional testing of an Exhaust Gas Recirculation (EGR) system that
Is designed to lower the temperature enough to prevent excess NOx formation. This
enhanced system commenced testing in April 2012 and has shown some promising
results. The system is still being optimized to be able to consistently perform at the
proposed emission levels. The installation of a new EGR fan this year is expected to
handle the elevated exhaust temperatures in order to provide more recirculated exhaust
gas to the unit and lower the NOx emissions further. A second NOxTech unit is set to
begin installed to control the eenstruction-at-the EMWD Temecula facility’s digester gas-
fired engines by the end oftater this year.

For engines larger than 1.5 MW, an additional unit is required to handle the flow while a
third unit is required for engines larger than 3 MW. Unlike with EMWD, a landfill
application would not require an EGR system because there typically is no natural gas
backup fuel to run through the unit and because of the lower BTU content of the landfill
gas.

A NOxTech system can be a less costly instalation that a traditional catalytic
oxidation/SCR installation due in large part to the anticipated decreased operations and
maintenance (O& M) costs. Periodic sorbent and catalyst replacements are a significant
portion of the O&M costs incurred with the operation of a catalytic oxidation/SCR
system. While urea injection is still a required component of a NOxTech system, it
eliminates the need for any gas cleanup sorbents and post combustion catal ysts.
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ALTERNATIVE TECHNOLOGIES

This section provides a brief description ofa aternative technologies that can be utilized
to produce power from biogas with a much lower criteria pollutant emissions profile than
that of biogas-fueled IC engines.

Fuel Cells

Fuel cells are an emerging technology capable of producing power with very low
pollutant emissions without the utilization of combustion. In fact, fuel cells can produce
electricity much more efficiently (between 45-50% efficiency) than combustion-based
engines and turbines.

While there are avariety of fuel cell types available, fuel cellsfor biogas applicability use
a molten carbonate cell to create an electrochemical reaction with the inlet biogas at the
anode and oxygen from air at the cathode. Hydrogen is created in areforming process at
the anode, while carbonate ions are created at the cathode. The hydrogen gas reacts with
the carbonate ions to produce water and electrons. These electrons flow through an
external circuit that produces the electricity for the power plant.

Hydrocarbon Fuel

INTERNAL REFORMING
CH, + 2H,0— 4H, + CO,

CATALYST
ELECTROLYTE

CATALYST
CATHODE

20, +4CO, +8e — 4CO;

Figure 4. Fuel Cell Chemistry for Power Generation

These electrochemical reactions are produced in individual molten carbonate electrolyte
stacks. The stacks are modular in design, so the total power production capacity of the
generating plant can be tailored to accommodate several fuel cell stacks to meet the
desired power output. The heat generated by the fuel cells can aso be recovered and
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used to provide process heat. For instance, the recovered heat can be used to supply heat
to a wastewater treatment plant’s anaerobic digesters. The fuel cell stacks, however, are
sensitive to impurities, so a gas cleanup system is critical to maintain the performance of
the fuel cell stacks. Siloxanes, particularly, can foul afuel cell.

There are many fuel cell installations that run on natural gas, but the activity of digester
gas fud cellsin Californiais significant. There are five installations in the basin located
at wastewater treatment plants that are designed to operate on biogas from anaerobic
digesters. EMWD hasinstalled afuel cell power generating facility at the Moreno Valley
Regional Water Reclamation Facility and at the Perris Valley facility, while the City of
Rialto has also installed a digester gas fuel cell. The City of Riverside has installed a fuel
cell system at its wastewater treatment plant and Inland Empire Utilities Agency (IEUA)
has completed construction of a 2.8 MW fuel cell plant at its regional plant in Ontario
that beganwi-begin operating in June 2012 on natural gas, while digester gas will be
gradually introduced into the system. It is the largest fuel cell that will be operating in
the state. The installations a8t EMWD Moreno Valley and the City of Riverside have
encountered some issues with the early design fuel cells. Specifically, the stacks were
not producing the electrical output they are rated for. Fuel Cell Energy (FCE), the
equipment manufacturer, is currently in the process of negotiations with the facility
operator, which would involve replacing the fuel cell stacks at Riverside. EMWD
Moreno Valley has restacked the fuel cells and is currently operating. It was found that
the cause for the decreased fuel cell stack life was from poisoning by sulfur compounds
that the gas cleanup system was not removing sufficiently. FCE now offers to handle the
procurement of the gas treatment skid at the time a fuel cell is purchased along with its
servicing, as well as aiding in the selection of a third party gas treatment vendor if an
operator desires.

Additionally, there are 2 installations in the San Joaquin Valley in Tulare and Turlock.
The Turlock installation is currently down because of a lack of digester gas fuel. Two
installations are in the Bay Area at Dublin San Ramon (operating) and in San Jose (in the
commissioning phase). Thereis also an installation in Oxnard that is operating well and
in San Diego, a group of units will be started up. Fuels cells installed at wastewater
treatment plants can take advantage of SGIP (Self-Generation Incentive Program) funds
to offset the capital costs of installation.

An installation under a research permit is also currently underway at OCSD. This unit
operates primarily on anaerobic digester gas with the ability to also run on natural gas or
a blend of both. It is an experimental instalation because the fuel cell operates in
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conjunction with a hydrogen recovery unit that sends the recovered hydrogen gas to a
nearby hydrogen fueling station for use by the public. This project is a collaboration of
the United States Department of Energy (DOE), CARB, Air Products and Chemicals, and
Fuel Cell Energy. It is expected to operate until 2014 and is intended to demonstrate an
aternative energy source while reducing energy costs and reducing emissions. This fuel
cell utilizes a gas cleanup system that removes sulfur compounds and, to date, has
resulted in satisfactory performance of the fuel cell.

Flex Energy

Flex Energy is a system that combines microturbine technology with that of regenerative
thermal oxidation to produce power with an ultra low emissions profile and without the
necessity of biogas cleanup. The system is capable of taking low BTU content biogas
that would be otherwise incombustible by any engine or turbine and diluting it before
introducing it to a flameless thermal oxidizer that raises the temperature to destroy VOC
and CO. The thermal oxidizer's temperature is also not raised so high as to facilitate the
formation of thermal NOx. This process results in the consumption of methane gas
without the pollutants from traditional combustion.

An open landfill will produce gas with a more or less constant amount of methane,
roughly 50%. The other 50% istypically CO,. However, once alandfill ceases to accept
municipa solid waste, the amount of gas produced by the landfill will begin to decay
gradually. A typical internal combustion engine that runs on landfill gas will struggle if
the methane content of the biogas drops below 35-40%. Landfills that produce gas with a
methane content lower than what an engine can use will typically send the gasto aflare
for combustion. An advantage of the Flex Energy system isthat it is capable of handling
biogas with a methane content similar to what an engine consumes down to alevel that is
outside an engine's range of consumption. A Flex Energy system can consume landfill
gas well after a landfill closes and well after an engine ceases operation due to the low
methane content.

Another advantage with this type of system is that it does not require a fuel cleanup
system for siloxanes and other impurities. Like the fuel cells, these systems can be
modularly applied, based on the inlet characteristics of the biogas and desired power
output.
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Figure 5. Flex Energy FP250 Flex Powerstation

A pilot study of a Flex Energy installation was recently successfully completed at Lamb
Canyon Landfill in Riverside County, CA. A Flex Energy installation is currently
collecting data at a landfill in Fort Benning, GA, while approval has been granted for
another installation at the Santiago Canyon Landfill in Orange County, set to begin
operating later this year.

H, Assisted L ean Operation (HALO)

This emerging technology is based on injecting hydrogen gas into the inlet biogas stream
before introduction into the engine’s combustion chamber. Three to six percent hydrogen
gas by mass in the fuel stream is sufficient to extend the lean limit combustion stability
for the biogas fuel. Hydrogen's rapid combustion speed, wider combustion limit, and
low ignition limit allows for a reduction in the exhaust emissions. There is no need for
gas cleanup with the system and it takes up about a cubic meter of space. Some natural
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gas is required as feedstock for hydrogen production, but produces additional electrical
output and heat that can benefit a biogas facility that utilizes waste heat. The addition of
hydrogen reduces hydrocarbon and CO emissions, while the leaner burning fuel lowers
the combustion temperature and, therefore, lowers NOx formation.

There is no need for gas cleanup or catalytic after-treatment with hydrogen injection and
it has been tested by severa engine manufacturers on natural gas engines. An added
benefit is also an increase in the efficiency of an engine with hydrogen enrichment. A
project with the City of San Bernardino Municipa Water Department is expected to
commence at the latter part of 2012 on its two, 999 bhp, cogeneration engines.

Other Combustion Technologies

Traditional gas turbines, boilers and flares fall under this category. Severa landfillsin
the basin currently employ the use of gas turbines for the combustion of the biogas and
also require extensive gas cleanup to protect the turbine blades from siloxane buildup.
For example, the Calabasas Landfill operated by Los Angeles County Sanitation District
and the Brea-Olinda Landfill currently use turbine technology with gas cleanup for
handling landfill produced biogas. The Chiquita Canyon Landfill installation, operated
by Ameresco, uses a TSA gas cleanup system similar to the one at Ox Mountain and is
currently in the optimization phase. Traditional boilers can also process biogas and
currently are being used by both landfills and wastewater treatment plants across the
basin. For example, if a facility that operates both engines and boilers elects to shut
down its engines, the remaining biogas may be handled by its boilers and any excess can
be routed to the facility flare, if necessary. Boilers are less sensitive to impurities, do not
require extensive gas cleanup, and can provide waste heat. The last resort for any facility
that handles biogas, but cannot combust it because of an insufficient quantity or due to
equipment decommissioning, would be to flare. With flaring, afacility can achieve VOC
destruction from combustion, while many newer BACT flares achieve low NOx
emissions. However, there are some possible CO, emission impacts from a greenhouse
gas perspective and these will be discussed in another section of this document. There
are also systems available that recover the heat from a flare for process heat or even for
electrical generation. ABUTEC has produced a heat recovery flare that captures the
waste heat for process utilization and a unit by UTC Power uses an organic Rankine
cycle to recover the heat from a flare and produce up to 200 kW of electrical power.
Figure 6 shows a comparison between source test average emissions among different
technologies. Boilers, gas turbines, and microturbines overall have lower emission
profiles than IC engines.
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Figure 6. Emissions Comparison Among Different Biogas Electric Generation
Technologies

COST AND COST EFFECTIVENESS

The cost and cost effectiveness analysis for this report relies on real data obtained from
OCSD demonstration project. The pilot study demonstration project at OCSD is an
example of an achieved in practice installation that has produced favorable results and
that is cost effective. Thisinstallation used a digester gas cleanup system with a catalytic
oxidizer and SCR for post-combustion emissions controls. In OCSD’s case, additional
structural work was required to support the placement of the catalytic oxidizer and SCR
units. An overhead steel platform had to be constructed to support the equipment while
allowing vehicle traffic to proceed underneath and to allow for urea deliveries.

The capital costs included the supporting steel necessary for the platform construction,
while the annual operating costs included digester gas cleaning media replacement,
oxidation catalyst and SCR catalyst replacement, and ureareplacement. Asaresult of the
gas cleanup system providing cleaner biogas to the engine, subsequent O& M costs to the
engine itself were reduced as well as the frequency of maintenance operations.

The origina vendor guarantee was three years for the catalysts, but near the end of the
second year of operation (operating under a research permit), the CO emission levels
began to rise. The emission levels got to just above 100 ppmv before the catalyst was
removed from service and samples were sent for testing (average outlet CO ppm level
was 7.5 ppmv during the pilot study). The results confirmed that there was some
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deactivation of the catalyst evidenced by the presence of a variety of contaminants
suspected to originate from the operation of the engine. Although there was an elevation
in the CO emissions, this cannot constitute a catalyst failure since the outlet CO
emissions were still in compliance with the proposed CO limit of 250 ppm before
removed from service. The oxidation catalysts at Ox Mountain have experienced
something similar and yet have been achieving compliance with Staff’s proposed CO
limit for amost three years. Despite this, a catalyst replacement interval of two years,
instead of three years, has been applied as part of the cost analysis described in further
detail below.

Emissions and emission reductions are calculated for NOx, VOC, and CO. The current
emissions are calculated from the current Rule 1110.2 rule limits and permit limits, while
the future emissions are calculated from the proposed Rule 1110.2 limits. Permit limits
were used for some engines because they were permitted at BACT or have more stringent
permit limits than in the current rule. For calculating cost effectiveness, the AQMD uses
the Discounted Cash Flow (DCF) model, which takes into consideration both capital cost
plus annual operating and maintenance costs. This use of this model is consistent with
previous rulemaking proposals and past control measures because it links the cost of the
project with its environmental benefits. The equipment is given a twenty year life and a
4% interest rate. The calculated present worth value (PWV) is then divided by the
summation of the emission reductions over the length of the project (20 years). The
emission reductions for CO are discounted by one seventh because of its ozone-formation
potential is approximately one seventh from that of NOx.

The 2008 Interim Technology Assessment provided preliminary cost information for a
non-regenerative siloxane remova system with oxidation catalyst and SCR, based on
OCSD’s pilot study cost estimates as the project was beginning. Table 6 provides a
comparison between the cost estimates from the Interim Report and those obtained from
OCSD’s Final Report on its pilot study. The emission reductions in the Interim Report
did not include those from CO and assumed an annual operation of 8,000 hours. This
explains the difference in the cost effectiveness between the Interim Report and OCSD’s

final report.
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Table 6. Comparison of OCSD’s Costs for Pilot Study Installation and Operation

Interim Final

Report Report

Installed Equipment, $ 1,265,000 1,989,529
Equipment minus Catalyst, S 1,096,000 1,875,129
Catalyst Cost, S 169,000 114,400
Project Management & Installation Supervision, $ 285,000 298,429
Total Initial Investment, $ 1,550,000 2,287,958
Sorbent Replacement, $/yr 62,000 40,000
Catalyst Replacement, $/yr (3 year replacement) 56,000 38,133
Reactant, $/yr 15,238 18,900
Reduced Power Production, $/yr 2,363 1,200
Equipment Maintenance, S/yr -7,440 -30,147
Total Annual Cost, $ 128,161 58,950
Present Value of 20-yr Cost, $ 3,360,916 3,089,089
NOx Reductions 15.18 10.7
VOC Reductions 2.20 14.6
CO Reductions 0 64.9
Cost Effectiveness ($/ton NOx+VOC+CO/7) 11,100 4,500*
S/kW-hr 0.08 0.01

*Thisfigure is based on permit-specific limits that are lower than the current Rule 1110.2 limits and on 6,000 annual
operating hours.

The actual capital costs were higher than was estimated in the Interim Report, but the
operation and maintenance costs were actually lower due to the reduced engine
maintenance and emission fee credits from the lower emissions. The calculated cost
effectiveness of OCSD’s 3471 bhp engine and based on the Final Report is $4,500 per
ton of NOx, VOC, and CO/7. OCSD’s permit limits for its demonstration project engine
are 45ppmv NOx, 209 ppmv VOC, and 590 ppmv CO. Some facilities such as OCSD
use the efficiency correction factor (ECF) to operate at a dlightly higher NOx and/or VOC
limit, for example.

The installation and operating costs for OCSD’s system were scaled across a series of
varying digester gas engine sizes representative of the current population. OCSD’s cost
effectiveness was calculated based on 6,000 annual operating hours for the pilot study.
The cost effectiveness for this analysis is based on 8,000 operating hours. 8,000 hours
was used as a typical usage level for the engines analyzed for the Interim Report.
Emissions reductions are calculated from the current Rule 1110.2 rule and permit limits
to the proposed Rule 1110.2 limits. Table 7 summarizes these results for digester gas at
the base level. The base level assumes a catalyst replacement every two years and the
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sorbent costs from the pilot study. The cost effectiveness range for digester gas is
between $1,700 and $3,500 per ton of NOx, VOC, and CO/7.

Table 7. Base Level Cost Effectiveness for Digester Gas Engines Based on OCSD’s
Actual Costs

BHP 4200 3471 1600 1000 500 250
Installed Equipment, $ 2,240,791 1,989,529 1,230,965 921,665 602,807 395,072
Equipment minus Catalyst, S 2,102,364 1,875,129 1,178,231 888,707 586,328 386,832
Catalyst Cost, S 138,427 114,400 52,734 32,959 16,479 8,240
Project Management &
Installation Supervision, $ 361,107 298,429 137,565 85,978 42,989 21,494
Total Initial Investment, $ 2,601,898 2,287,958 1,368,529 1,007,643 645,796 416,566
Sorbent Replacement, S/yr 48,401 40,000 18,438 11,524 5,762 2,881
Catalyst Replacement, S/yr (every 2 yr) 69,213 57,200 26,367 16,479 8,240 4,120
Reactant, S/yr 22,869 18,900 8,712 5,445 2,723 1,361
Reduced Power Production, $/yr 2,859 1,200 1,089 681 340 170
Equipment Maintenance, S/yr -36,479 -30,147 -13,897 -8,685 -4,343 -2,171
Total Annual Cost, $ 106,865 87,153 40,710 25,444 12,722 6,361
Present Value of 20-yr Cost, $ 4,054,188 3,472,367 1,921,783 1,353,427 818,688 503,012
NOx Reduction, tpy 12.6 10.5 4.8 3 1.5 1
VOC Reduction, tpy 29 24 11.1 6.9 35 1.7
CO Reduction, tpy 538.9 445.4 205.3 128.3 64.2 32.1
CO Reduction/7, tpy 77.0 63.6 29.3 18.3 9.2 4.6
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 1700 1800 2100 2400 2900 3500
$/kW-hr 0.008 0.009 0.010 0.012 0.014 0.017

OCSD’s actua equipment costs (gas cleanup, oxidation catalyst, SCR, platform) and
operating costs (with catalyst change outs every two years) were also applied to landfill
gas engines to determine their cost effectiveness. The equipment costs were increased to
account for the higher inlet gas volume per BTU supplied to the engine. The cost
effectiveness range for landfill gas is between $2,300 and $2,900 per ton of NOx, VOC,
and CO/7. The base level cost effectiveness for this analysis is based on 8,000 operating
hours and is summarized in Table 8.
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Table 8. Base Level Cost Effectiveness for Landfill Gas Engines Based on OCSD’s
Actual Costs

BHP 4200 3471 2700 2000 1500
Installed Equipment, $ 2,345,061 2,082,529 1,781,763 1,479,753 1,239,133
Equipment minus Catalyst, S 2,206,634 1,968,129 1,692,774 1,413,835 1,189,695
Catalyst Cost, S 138,427 114,400 88,989 65,918 49,438
Project Management &
Installation Supervision, S 361,107 298,429 232,140 171,956 128,967
Total Initial Investment, $ 2,706,168 2,380,958 2,013,903 1,651,708 1,368,100
Sorbent Replacement, S/yr 48,401 40,000 31,115 23,048 17,286
Catalyst Replacement, S/yr (every 2 yr) 69,213 57,200 44,494 32,959 24,719
Reactant, $/yr 22,869 18,900 14,702 10,890 8,168
Reduced Power Production, S/yr 1,664 1,200 1,069 792 594
Equipment Maintenance, $/yr -36,479 -30,147 -23,451 -17,371 -13,028
Total Annual Cost, $ 105,669 87,153 67,930 50,319 37,739
Present Value of 20-yr Cost, $ 4,142,210 3,565,367 2,937,073 2,335,538 1,880,972
NOx Reduction, tpy 12.6 10.5 8.1 6 4.5
VOC Reduction, tpy 13 1.1 0.8 0.6 0.5
CO Reduction, tpy 538.9 445.4 346.4 256.6 192.5
CO Reduction/7, tpy 77.0 63.6 49.5 36.7 27.5
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 2300 2400 2500 2700 2900
$/kW-hr 0.009 0.009 0.009 0.010 0.011

*The equipment costs were increased by $93,000 to account for the siloxane cleanup system’s processing of a
greater gas volume per BTU supplied to the engine

Several stakeholders have expressed concern over the high cost of gas cleanup, primarily
to address the removal of siloxanes from the biogas inlet stream. In addition, all facilities
have varying levels of impurities in the biogas and some may have to install additional
pretreatment for sulfur compounds if the levels are high. Redundant siloxane removal
systems are a necessity and must be capable of handing the base siloxane load as well as
intermittent spikes. To address these concerns in the cost analysis, Staff analyzed two
other scenarios where additional gas treatment contingencies were added to the
operational costs. These costs are based on vendor quotes for the full scale of flow rates
of all the affected biogas facilities. The media costs were then normalized to obtain “ per
engine’ costs, which were then bracketed to the appropriate engine brake horsepower
sizes. The carbon media change-out frequency is dependent on the siloxane level; the
higher the siloxane level, the more frequent the media change-out. The cost of the media
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Is correlated to the media weight relative to the flow rate and vessel size. Staff has
assumed aworst case where media change-outs will be required once per month.

On top of this, Staff also included a 20% contingency to the equipment costs to account
for any additional gas cleanup required or to account for backpressure considerations in
smaller engines or for additional compression and chilling equipment. Vendor supplied
equipment costs are in line with the scaled costs from the base scenario for both gas
cleanup and catalytic after-treatment. The operating costs are the major contributor to the
overal cost of the gas cleanup system. The following two tables (Tables 9 and 10)
represent the worst case costs with the additional gas cleanup and the additional 20%
equipment cost contingency applied.

Table 9. Cost Effectiveness for Digester Gas Engines Based on OCSD’s Actual
Costs with Additional Contingencies

BHP 4200 3471 1600 1000 500 250
Installed Equipment, $ 2,240,791 1,989,529 1,230,965 921,665 602,807 395,072
Equipment minus Catalyst, S 2,102,364 1,875,129 1,178,231 888,707 586,328 386,832
Added Cleanup w/20% contingency 420,473 375,026 235,646 177,741 117,266 77,366
Catalyst Cost, S 138,427 114,400 52,734 32,959 16,479 8,240
Installed Equipment w/20%
contingency, $ 2,661,264 2,364,555 1,466,611 1,099,407 720,073 472,438
Project Management &
Installation Supervision, S 361,107 298,429 137,565 85,978 42,989 21,494
Total Initial Investment, $ 3,022,371 2,662,984 1,604,176 1,185,384 763,062 493,933
Sorbent Replacement, $/yr 165,600 138,000 69,000 103,500 51,570 12,420
Catalyst Replacement, $/yr (every 2yr) 69,213 57,200 26,367 16,479 8,240 4,120
Reactant, $/yr 22,869 18,900 8,712 5,445 2,723 1,361
Reduced Power Production, $/yr 2,859 1,200 1,089 681 340 170
Equipment Maintenance, $/yr -36,479 -30,147 -13,897 -8,685 -4,343 2,171
Total Annual Cost, $ 224,064 185,153 91,272 117,420 58,530 15,900
Present Value of 20-yr Cost, $ 6,067,395 5,179,213 2,844,560 2,781,121 1,558,484 710,013
NOx Reduction, tpy 12.6 10.5 4.8 3 1.5 1
VOC Reduction, tpy 29 24 11.1 6.9 3.5 1.7
CO Reduction, tpy 538.9 445.4 205.3 128.3 64.2 32.1
CO Reduction/7, tpy 77.0 63.6 29.3 18.3 9.2 4.6
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 2600 2600 3100 4900 5500 4900
$/kW-hr 0.012 0.013 0.015 0.024 0.027 0.025
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Table 10. Cost Effectiveness for Landfill Gas Engines Based on OCSD’s Actual
Costs with Additional Contingencies

BHP 4200 3471 2700 2000 1500
Installed Equipment, $ 2,345,061 2,082,529 1,781,763 1,479,753 1,239,133
Equipment minus Catalyst, S 2,206,634 1,968,129 1,692,774 1,413,835 1,189,695
Added Cleanup w/20% contingency 441,327 393,626 338,555 282,767 237,939
Catalyst Cost, S 138,427 114,400 88,989 65,918 49,438
Installed Equipment w/20%
contingency, $ 2,786,388 2,476,155 2,120,318 1,762,520 1,477,072
Project Management &
Installation Supervision, S 361,107 298,429 232,140 171,956 128,967
Total Initial Investment, $ 3,147,495 2,774,584 2,352,458 1,934,475 1,606,039
Sorbent Replacement, $/yr 276,000 276,000 138,000 207,000 103,500
Catalyst Replacement, $/yr (every 2yr) 69,213 57,200 44,494 32,959 24,719
Reactant, $/yr 22,869 18,900 14,702 10,890 8,168
Reduced Power Production, $/yr 1,664 1,200 1,069 792 594
Equipment Maintenance, $/yr -36,479 -30,147 -23,451 -17,371 -13,028
Total Annual Cost, $ 333,268 323,153 174,815 234,270 123,953
Present Value of 20-yr Cost, $ 7,676,607 7,166,233 4,728,196 5,118,211 3,290,558
NOx Reduction, tpy 12.6 10.5 8.1 6 4.5
VOC Reduction, tpy 1.3 1.1 0.8 0.6 0.5
CO Reduction, tpy 538.9 445.4 346.4 256.6 192.5
CO Reduction/7, tpy 77.0 63.6 49.5 36.7 27.5
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 4200 4800 4000 5900 5100
S/kW-hr 0.016 0.018 0.015 0.022 0.019

The worst case costs, along with the base case costs were plotted on the following two
graphs for digester gas and landfill gas (Figure 7 and Figure 8). Since every facility is
unique in the flow rate, engine size, and number of engines installed, the bracketed
sorbent replacement costs are not necessarily linear. However, there is a sufficient
correlation to apply a polynomial regression to each curve (with additional gas cleanup
and with 20% additional contingency) and be able to represent them here. The worst case
scenario cost effectiveness range for digester gas is from $2,600 to $5,500 per ton and
from $4,200 to $5,900 per ton for landfills.
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Cost data was also received from the Bay Area AQMD for the installation at Ox
Mountain Landfill’s 2,677 bhp engine with regenerative temperature swing adsorption
(TSA) gas cleanup, oxidation catalyst, and SCR (Table 9). There are six total engines at
that facility. Cost effectiveness was calculated from SCAQMD rule limits to the
proposed rule limits, operating 8,000 hours per year. There may be an increased capital
cost for a regenerative TSA system, but the total gas cleanup cost was divided by 6 to
arrive at the per-engine estimate. The cost effectiveness for Ox Mountain is within the
range of Staff’s estimates for the proposed amendments (Figure 8). The annual costs
presented here do not reflect any credit taken for reduced engine maintenance, so the
actual operating costs may be lower than those in Table 11. From Ox Mountain's
experience, the sorbent change-outs could be longer than once every twelve months.
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Table 11. Cost Effectiveness of Landfill Installation with Regenerative Gas
Cleanup, Oxidation Catalyst, and SCR

Capital Costs*

TSA System, S 271,544
TSA Installation, $ 91,480
TSA Flare, $ 25,105
TSA Flare Install, S 6,699
SCR System, $ 46,218
SCR Install, $ 28,960
Ox Cat System, $ 38,218
Ox Cat Install, $ 28,377
CEMS, $ 170,165
CEMS Install, $ 20,080
Design & Eng (3.4% of equip), $ 18,742
Const & Comm (8% of equip), $ 44,100
Total Installed Cost, $ 789,688

Operating Costs

TSA, S 14,000
Flare, S 2,917
CEMS, $ 34,600
SCR, $ 51,394
Ox Cat, S 12,514
Labor, $ 10,000
Electricity, $ 8,790
Total Annual Op Costs, $ 134,215
PWV (20 yrs @4%), $ 2,613,673
NOx Reduction, tpy 8.1
VOC Reduction, tpy 0.8
CO Reduction, tpy 343.5
CO Reduction/7, tpy 49.1
Cost Effectiveness, $ per ton of

NOx+VOC+CO/7 2,300
S/kW-hr 0.008

*TSA system costs were divided by 6 to reflect a per-engine basis estimate

NOxTech Cost Effectiveness

Cost information was also obtained from NOxTech based on its instalation at Eastern
Municipal Water District’'s (EMWD) Mills Station. EMWD aso submitted cost data
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reflecting the additional costs to install an EGR unit as it is currently undergoing further
testing for its demonstration. For the cost effectiveness analysis, EMWD's additional
costs amounted to a contingency for the installation costs of the NOxTech unit with EGR
and its associated equipment. The addition of an EGR system is not anticipated to be
required on landfill gas installations, so the contingency will be applied only to digester
gas engines. The total amounts of contingency cost experienced by EMWD are not
expected to be incurred by subsequent users. Table 11 shows the base level based on
costs submitted by NOxTech for digester gas engines, while Table 12 shows the
additional contingencies. Table 13 shows the base level only for landfill gas engines.

Table 11. Base Level Cost Effectiveness for Digester Gas Engines Based on
NOxTech Costs

BHP 4200 3471 1600 1350 1000 500 250
Installed Equipment, $

Equipment Cost, S 960,000 800,000 400,000 400,000 400,000 400,000 400,000

Installation Cost, S 250,000 200,000 100,000 100,000 100,000 100,000 100,000
Project Management &
Installation Supervision, $ 31,742 26,452 13,226 13,226 13,226 13,226 13,226
Total Initial Investment, $ 1,241,742 1,026,452 513,226 513,226 513,226 513,226 513,226
Reactant, $/yr 37,952 31,365 14,458 12,199 9,036 4,518 2,259
Reduced Power Production, $/yr 68,365 56,499 26,044 21,975 16,277 8,139 4,069
Equipment Maintenance, $/yr 16,000 16,000 8,100 8,100 8,100 8,100 8,100
Total Annual Cost, $ 122,318 103,864 48,602 42,274 33,414 20,757 14,428
Present Value of 20-yr Cost, $ 2,904,042 2,437,965 1,173,728 1,087,724 967,319 795,312 709,308
NOx Reduction, tpy 12.6 10.5 4.8 4.1 3 1.5 1
VOC Reduction, tpy 29 24 11.1 9.3 6.9 3.5 1.7
CO Reduction, tpy 538.9 445.4 205.3 173.2 128.3 64.2 321
CO Reduction/7, tpy 77.0 63.6 29.3 24.7 18.3 9.2 4.6
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 1200 1200 1300 1400 1700 2800 4900
$/kW-hr 0.006 0.006 0.006 0.007 0.008 0.014 0.025
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Table 12. Cost Effectiveness for Digester Gas Engines Based on EMWD’s Costs
with Additional Contingencies

BHP 4200 3471 1600 1350 1000 500 250
Installed Equipment, $

Equipment Cost, S 960,000 800,000 400,000 400,000 400,000 400,000 400,000

Installation Cost, S 250,000 200,000 100,000 100,000 100,000 100,000 100,000

Installation Cost Contingency, S 300,000 300,000 300,000 300,000 300,000 300,000 300,000
Project Management &
Installation Supervision, $ 31,742 26,452 13,226 13,226 13,226 13,226 13,226
Total Initial Investment, $ 1,541,742 1,326,452 813,226 813,226 813,226 813,226 813,226
Reactant, $/yr 37,952 31,365 14,458 12,199 9,036 4,518 2,259
Reduced Power Production, S/yr 68,365 56,499 26,044 21,975 16,277 8,139 4,069
Equipment Maintenance, $/yr 16,000 16,000 8,100 8,100 8,100 8,100 8,100
Total Annual Cost, $ 122,318 103,864 48,602 42,274 33,414 20,757 14,428
Present Value of 20-yr Cost, $ 3,204,042 2,737,965 1,473,728 1,387,724 1,267,319 1,095,312 1,009,308
NOx Reduction, tpy 12.6 10.5 4.8 4.1 3 1.5 1
VOC Reduction, tpy 29 24 111 9.3 6.9 3.5 1.7
CO Reduction, tpy 538.9 445.4 205.3 173.2 128.3 64.2 321
CO Reduction/7, tpy 77.0 63.6 29.3 24.7 18.3 9.2 4.6
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 1400 1400 1600 1800 2200 3900 6900
$/kW-hr 0.007 0.007 0.008 0.009 0.011 0.019 0.035
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Table 13. Base Level Cost Effectiveness for Landfill Gas Engines Based on

NOxTech Costs

BHP 4200 3471 2700 2000 1500 1350
Installed Equipment, $

Equipment Cost, S 960,000 800,000 800,000 400,000 400,000 400,000

Installation Cost, S 250,000 200,000 200,000 100,000 100,000 100,000
Project Management &
Installation Supervision, S 31,742 26,452 26,452 13,226 13,226 13,226
Total Initial Investment, $ 1,241,742 1,026,452 1,026,452 513,226 513,226 513,226
Reactant, $/yr 37,952 31,365 24,398 18,073 13,554 12,199
Reduced Power Production, $/yr 53,041 43,834 34,098 25,258 18,943 17,049
Equipment Maintenance, $/yr 16,000 16,000 16,000 8,100 8,100 8,100
Total Annual Cost, $ 106,993 91,199 74,496 51,430 40,598 37,348
Present Value of 20-yr Cost, $ 2,695,780 2,265,852 2,038,847 1,212,161 1,064,947 1,020,783
NOx Reduction, tpy 12.6 10.5 8.1 6 4.5 4.1
VOC Reduction, tpy 1.3 1.1 0.8 0.6 0.5 0.4
CO Reduction, tpy 538.9 445.4 346.4 256.6 192.5 173.2
CO Reduction/7, tpy 77.0 63.6 49.5 36.7 27.5 24.7
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 1500 1500 1700 1400 1600 1700
$/kW-hr 0.006 0.006 0.007 0.005 0.006 0.007

Figures 9 and 10 illustrate the cost effectiveness for NOxTech graphically. For digester
gas, the shaded band reflects the possible contingency costs in relation to the base level
costs. For landfills, the modular nature of the base level equipment costs from NOxTech
result in a dlightly less than linear representation. However, there is sufficient correlation
to apply aregression that results in the curveillustrated in Figure 10.
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The cost effectiveness estimates presented here are within the range of cost effectiveness
estimates presented to the Governing Board for past rulemakings. Digester gas and
landfill gas engines of all sizes are shown to be cost-effective for all scenarios. The
dollars per kilowatt-hour estimates (which assume a 97% generator efficiency) also show
that the addition of emission controls is cheaper than the cost of electricity from the grid
which runs about 8 to 10 cents per kilowatt-hour.

GLOBAL WARMING IMPACTS

The Adopting Board Resolution for the February 1, 2008 amendment of Rule 1110.2
directed AQMD staff to prepare a Technology Assessment including a summary of
potential trade-offs between greenhouse gas (GHG) and criteria pollutant emissions due
to the adoption of the proposed biogas emission limits (NOx limit of 11 ppm (referenced
to 15% O,), VOC limit of 30 ppm and CO limit of 250 ppm). Operation of the IC
engines using biogas to produce electrical power generates the three criteria pollutants
NOx, VOC and CO. If the operators of those engines elect to cease power generation
then the biogas must be flared or redirected to another usage onsite including fueling
boilers. The choice to generate power or not leads to a trade-off: upgrade the power
generation emissions controls to obtain a cleaner emissions profile or potentially
shutdown the internal power generation and flare but in doing so release more
greenhouse gases. The following discussion provides a comparison of the impacts the
two options present: criteria pollutant emissions and greenhouse gas emissions from
operation of the IC engines vs. flaring.

Criteria Pollutant Impact

Figures 11 through 13 compare emissions of criteria pollutants from existing engines, an
engine meeting the proposed limits and biogas flares at facilities affected by the proposed
biogas emission limits. The range of flare emissions shown in the following figures
represents the variety of permit limits and operating conditions for flares at affected
facilities. The permit emissions limits vary because the age of flares at these facilities
ranges from less than 10 years to 40 years old. The emissions for each technology
include the direct emissions from fuel combustion (natural gas). The flare emissions also
include the criteria emissions from local utility power plants when biogas is directed to
flaresinstead of being used to generate electricity using IC engines.

The NOx, VOC and CO emissions comparisons depicted in Figures 11 through 13 are
expressed as a percent compared to the proposed engine emission limits — a ratio of the
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current and proposed emission limits in ppm or pounds of emissions per Btu of fuel
consumed. In addition, Figures 11 and 12 show the range of the current NOx and VOC
emission limits for large and small engines. Also included in the three figures are the
estimates of flare emissions and the emissions from alarge power plant. These emissions
are included because when an engine is shut down, the replacement electricity is assumed
to be generated by alocal utility boiler or combined cycle turbine.

The comparison of criteria pollutant emissions from engines and flares uses the ratio of
the emission limit for the specific technology to the emission factor for an engine meeting
the proposed biogas emission limits (NOx limit of 11 ppm (referenced to 15% O,), VOC
limit of 30 ppm and CO limit of 250 ppm). Thisratio is then converted to percent with
the proposed engine limit set at 100%. This ratio can be generated by converting all
emission limits to parts per million at 15% O, (the reference level for the Rule 1110.2
emission limits) or by converting all emission limits to pounds per million Btu.

The emission comparisons assume that the biogas is diverted to flares from engines and
there is an equivalent amount of electricity produced by local power plants meeting
current BACT. Compared to flares, power plant criteria pollutant emissions are smaller
because limits are very low and base load power plants use one-half of the fuel of engines
to produce the same amount of electricity. These emissions are included in Figures 11 to
13 as part of the flare emissions. While there are other sources of electricity outside the
AQMD, the amount of electricity produced by biogas enginesis small in comparison and
local base load power plants have enough capacity to replace these sources at a cost-
effective price.

As presented in the Figures 11 through 13, the option to flare emissions would generate
less criteria pollutant emissions than are currently produced under the existing emissions
limits, regardless of flare configuration. Operating the | C engines at the proposed limits
would be cleaner for NOx and VOC than venting emissions to the Pre-1998 flares (which
include the required base load emissions). In each case, flaring using aBACT flare,
including the base load emissions would generate fewer emissions than for 1C engines
operating within the proposed new emissions limits. However, the option to flare raises
illuminates the counterpoint argument: Does flaring result in agreater GHG emissions
impact than generating internal power?
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Greenhouse Gas Impacts

Figure 14 provides a comparison of greenhouse gas emissions impact from engines,
flares and base load power generation. The figure includes emissions from engines using
different amounts of supplemental fuel (natural gas), power plants and newer versus older
flare technologies. The differencesin GHG emissions are expressed as percent compared
to biogas engine emissions. The GHG emission comparison in Figure 14 is based on
carbon dioxide equivalents (CO,e). Emissions of gases that contribute to global warming
are represented as CO, equivalents by taking into account their warming potential in the
atmosphere relative to CO,. For example, methane (CH,) is assigned a warming
potential of 21 times CO, (over a 100 year timeframe).

More specifically, the comparison of GHG emissions is also aratio of each technologies
emissions (expressed as carbon dioxide equivaents — CO,e) to the CO,e associated with
an IC engine using 15% supplemental natural gas. This ratio is developed on a mass
basis. In the case of an IC engine and pre-2006 flare, it is assumed that for every 100
methane molecules provided as fuel to the engine, 99 are combusted to CO, and one is
emitted in the exhaust. The global warming potential of this one methane molecule is
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equivalent to 21 CO, molecules. In addition, 15% of the fuel methane for the base
engine and pre-2006 flare scenarios comes from natural gas. The 2010 U.S. EPA method
for estimating the CO,e GHG emissions related from natura gas production and
transport to an average of about 20% of the fuel Btu delivered to an operation. In 2011,
EPA revised its estimate upwards to average of about 35% of the fuel Btu delivered.
Using the 2011 U.S. EPA percentage trandlates to an additional CO,e of 6 more
molecules of CO, dueto production and transport of that natural gas. The summation of
these emissions in terms of CO, equivalence results in an impact of 126 CO, molecules
for every 100 molecules of methane provided to the engine.

The same methodology is used to generate the CO,e emissions from an engine using
50% supplemental natural gas with the same Btu content, a flare meeting current BACT
limits and a base load power plant generating the same amount of electricity as the IC
engine (using %2 the Btu of an engine). A flare meeting 2006 BACT has more complete
combustion and emits half of the methane than older flares emit and does not require
supplemental natural gas. These “emissions’ are then used to generate a ratio with the
base engine represented as 100%. In this analysis, the electricity is produced by local
power plants in order to determine the worst case emissions if engines are replaced with
flares.

As depicted in Figure 14, operation of the IC engine using a 15 percent natural gas and 85
percent biogas is equivalent to 126 CO, molecules or a factor of 1.0 on the chart. An
engine burning 50 percent natural gas has a higher ratio because of the additiona
production and transport contribution to the total CO,e. Using a Pre 2006 (non-BACT)
flare with the 15 percent natural gas contribution has an equivalent CO,e signature as the
biogas engine (1.0). The BACT flare and base load power generation (with the
production and transport contribution to the total CO,e) exhibit lower GHG impacts
compared to the biogas engine or the Pre 2006 flare. However, if afacility electsto flare
the gas with a Pre 2006 flare but acquires power from the grid, the factor approaches 1.8
or 80 percent more GHG emissions than continued operation of the IC engine. Evenif a
facility usesa BACT flare but needs supplemental power from the grid, the factor rises to
approximately 1.5 or 50 percent GHG emissions above the continued operation of the IC
engine.
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Figure 14

Comparison of CO, Equivalent Greenhouse Emissions from Flares and Base Load
Electricity and IC Engines

GHG Impact Summary

The above anaysis provides background assessments of the trade-off between achieving
lower criteria pollutant emissions levels from complying with the proposed new
standards and the possible GHG emissions penalty which may be incurred if a facility
flares but is required to purchase power from the grid. Compared to current biogas
engines, flares typically have lower criteria pollutant emissions profiles but have higher
emissions of greenhouse gases because electricity must be generated by other sources if
the biogas is not used in an engine generating electricity (Table 14).
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Table 14. Comparison of Criteria Pollutant and GHG Impacts from ICE Operating
and from Flaring

Pollutant Magnitude of Flaring w/BACT Flare +
Baseload Compared to ICEs
NOx 51to 7x Less
CO 67x Less
VOC 4 to 273x Less
GHG (CO.e) 1.4x More

Flares meeting current BACT aso have a significantly lower greenhouse gas impact
compared to older flares. However, new BACT flares still result in about 50% more
greenhouse gas emissions than current engines (on a CO,e basis).

In general, criteria pollutant impacts have an immediate impact on public health and as
such are typicaly given greatest weight. GHG gas goals set by AB32 and companion
legislation target the long term control strategy to address global warming. Both issues
have merit and deserve attention. One additional element that needs to be noted is energy
conservation and the potential wasting of an available energy source (biogas) which is
neither drilled nor mined.

CONCLUSION

The technology demonstration projects have shown that technology is available that can
achieve significant reductions in NOx, VOC, and CO. Since the 2008 amendment of
Rule 1110.2, oxidation catalyst and SCR technology has been effective in reducing
pollutant emissions cost effectively for natural gas engines. At the time of the Interim
Technology Assessment of 2010, this technology was in the early stages of being
explored for the control of biogas engines as well. Since then, the demonstration project
at OCSD was successfully completed for the control of biogas emissions from a digester
gas facility. In addition, a sufficient amount of data over almost three years was obtained
from Ox Mountain Landfill, demonstrating that the control of emissions from a landfill
gas-fired engine is achievable on a consistent basis. The utilization of biogas cleanup
with siloxane removal has proven essential for the protection of engine components and
catalysts. Biogas cleanup systems are currently in use for the protection of engines as
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well as microturbines and turbines in the District today. These same systems can also
clean the biogas effectively to protect the post-combustion catalytic controls as well.

In addition to catalyst technology, other technologies have emerged as viable alternatives
such as the NOxTech system and Hydrogen Injection. Furthermore, technologies such as
fuel cells and Flex Energy are viable alternatives for the replacement of IC Engine
generated power altogether. The proposed compliance schedule is reasonable, and will
alow facilities the needed time to procure, design, and install these systems.
Additionally, the compliance schedule will alow enough time for other technologies to
be demonstrated and will give facilities more options for compliance.

Alternatives also exist for those facilities, especially landfills, that have closed and whose
biogas supply is decreasing below the usable level for IC Engines. In this case, the other
aternatives that may be used are boilers, microturbines, or Flex Energy. It is ultimately
an operator’ s decision to flare the biogas, as this also remains as an aternative. However,
flaring is still viewed as undesirable due to the pollutant impacts and trade-offs. Cost
effective technologies exist that can preclude flaring and still maintain a facility’s power-
generating capacity with the remaining amount of landfill gas.

The cost effectiveness analysis based on actual data for a digester gas facility shows that
the technology is scalable and cost effective for digester gas engines of al sizes. From a
dollars per kilowatt standpoint, the analysis shows that the cost of power production will
not exceed the cost of purchasing the same power from the grid.

The proposed limits of Rule 1110.2 are feasible and cost effective. Technologies exist
today that can achieve these emission limits within the compliance schedule in the Staff
proposal. Given the aforementioned cost effective controls and reasonable compliance
schedule, increased flaring is not anticipated to occur. On this basis, Staff recommends
to move forward with Proposed Amended Rule 1110.2 while maintaining a commitment
to continue working with the regulated community in monitoring the performance of on-
going demonstration projects to assure that the compliance schedule is reasonable.
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ATTACHMENT A

COST EFFECTIVENESS CALCULATIONS FOR RULE 1110.2
REQUIREMENTS FOR BIOGAS ENGINES




Gas Cleanup System + Oxidation Catalyst + SCR (20-year Equipment Life) — Cost basis is OCSD pilot study demonstration

Digester Digester Digester Digester Digester Digester Landfill Landfill Landfill Landfill Landfill
BHP 4200 3471 1600 1000 500 250 4200 3471 2700 2000 1500
Installed Equipment, $ (Note 1) 2,240,791 1,989,529 1,230,965 921,665 602,807 395,072 2,345,061 2,082,529 1,781,763 1,479,753 1,239,133
Equipment minus Catalyst, S 2,102,364 1,875,129 1,178,231 888,707 586,328 386,832 2,206,634 1,968,129 1,692,774 1,413,835 1,189,695
Added Cleanup w/20% contingency
(Note 2) 420,473 375,026 235,646 177,741 117,266 77,366 441,327 393,626 338,555 282,767 237,939
Catalyst Cost, S (Note 3) 138,427 114,400 52,734 32,959 16,479 8,240 138,427 114,400 88,989 65,918 49,438
Installed Equipment w/20% contingency, $ 2,661,264 2,364,555 1,466,611 1,099,407 720,073 472,438 2,786,388 2,476,155 2,120,318 1,762,520 1,477,072
Project Management & Installation
Supervision, $ (Note 4) 361,107 298,429 137,565 85,978 42,989 21,494 361,107 298,429 232,140 171,956 128,967
Total Initial Investment, $ 3,022,371 2,662,984 1,604,176 1,185,384 763,062 493,933 3,147,495 2,774,584 2,352,458 1,934,475 1,606,039
Sorbent Replacement, $/yr (Note 5) 165,600 138,000 69,000 103,500 51,570 12,420 276,000 276,000 138,000 207,000 103,500
Catalyst Replacement, $/yr
(every 2yr, Note 6) 69,213 57,200 26,367 16,479 8,240 4,120 69,213 57,200 44,494 32,959 24,719
Reactant, $/yr (Note 7) 22,869 18,900 8,712 5,445 2,723 1,361 22,869 18,900 14,702 10,890 8,168
Reduced Power Production, $/yr (Note 8) 2,859 1,200 1,089 681 340 170 1,664 1,200 1,069 792 594
Equipment Maintenance, $/yr (Note 9) -36,479 -30,147 -13,897 -8,685 -4,343 -2,171 -36,479 -30,147 -23,451 -17,371 -13,028
Total Annual Cost, $ 224,064 185,153 91,272 117,420 58,530 15,900 333,268 323,153 174,815 234,270 123,953
Present Value of 20-yr Cost, $ (Note 10) 6,067,395 5,179,213 2,844,560 2,781,121 1,558,484 710,013 7,676,607 7,166,233 4,728,196 5,118,211 3,290,558
NOx Reduction, tpy (Note 11) 12.6 10.5 4.8 3 15 1 12.6 10.5 8.1 6 4.5
VOC Reduction, tpy (Note 11) 29 24 11.1 6.9 3.5 1.7 1.3 11 0.8 0.6 0.5
CO Reduction, tpy (Note 11) 538.9 445.4 205.3 128.3 64.2 321 538.9 445.4 346.4 256.6 192.5
CO Reduction/7, tpy (Note 12) 77.0 63.6 29.3 18.3 9.2 4.6 77.0 63.6 49.5 36.7 27.5
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 2600 2600 3100 4900 5500 4900 4200 4800 4000 5900 5100
$/kW-hr 0.012 0.013 0.015 0.024 0.027 0.025 0.016 0.018 0.015 0.022 0.019




Notes for Gas Cleanup + Oxidation Catalyst + SCR:

1 From the OCSD Final Report for a 3,471 bhp engine, the construction subtotal for equipment and labor with contractor contingencies included is
$1,989,529.

The non-catalyst installed cost is assumed to vary with bhpo'6 based on general chemical engineering cost estimating practice for tanks and reactors.
For landfills, the installed cost of the siloxane removal system is higher because of the higher gas volume per BTU supplied to the engine. Additional
cost for gas cleanup on a 3,471 bhp engine is $93,000.

2 A 20% contingency to account for possible additional gas cleanup equipment is added to the equipment costs minus catalyst

3 For the OCSD catalysts, there were 16 catalytic oxidizer blocks at $3,450 per block and thirty-two SCR catalyst blocks at $1,850 per block.

Catalyst cost is assumed to vary directly with bhp.

4 Cost for project management and installation supervision for OCSD was calculated as a 15% contingency of the installed equipment costs, not including
the 20% contingency accounting for possible additional gas cleanup equipment.

5 Vender quotes were obtained for non-regenerative activated carbon vessels/media and were sized and bracketed according to flow rate. Change-
out frequency is once every month. The total cost for the media replacement was divided by the number of engines per facility to arrive at a per
engine cost. The highest cost at each bracketed engine size was used.

OCSD’s media replacement cost from the pilot study was $40,000 for one year on a 3,471 engine.

6 OCSD experienced a partial deactivation of its oxidation catalyst after two years of operation. Staff has accounted for this by using the annual cost
for a biannual catalyst replacement.

7 Cost of urea is based on OCSD’s annual cost. Reactant cost is assumed to vary directly with horsepower.

8 Pressure drops across the siloxane removal and SCR systems are assumed to be 3” H20 each. Calculated reduction in power production is 0.147%.
Cost of reduced power is: bhp x 0.00147 x 8,000 hrs/yr x 0.746 kW/bhp x 0.97 generator efficiency (kWh/yr)

For landfill gas the power reduction is 0.161% because the higher volume of landfill gas per BTU supplied to the engine. Cost of power is $0.08/kWh
for digester gas (cost of grid power) and $0.0425/kWh for landfill gas power (typical wholesale price based on price SCE paid for power from El
Sobrante landfill [2002 contract]).

Electrical costs for OCSD’s pilot study were $1,200/yr.

9 OCSD’s reduced engine maintenance was subtracted from its equipment maintenance for the pilot study. This cost is assumed to vary directly with
horsepower.

10 The present worth value (PWV) is calculated for a project life of 20 years at an interest rate of 4%.

11 Baseline NOx is 36 ppmvd corrected to 15% O2 for engines equal to or greater than 500 bhp and 45 ppmvd corrected to 15% O2 for engines smaller
than 500 bhp.
Baseline VOC is 40 ppmvd corrected to 15% 02 for landfill gas engines and 250 ppmvd corrected to 15% O2 for digester gas engines.
Baseline CO is 2000 ppmvd corrected to 15% 0O2.
Conversion of ppmvd corrected to 15% 02 to g/bhp-hr was based on an engine efficiency of 33% (based on higher heating value), which was the
average for biogas engines in the engine survey conducted for the 2008 amendment. This includes a correction of 3% greater volume of combustion
products (corrected to 15% 02) due to the CO2 in the fuel.
The emission reduction calculations assume 8,000 hrs/yr of engine operation.

12 The CO reductions are discounted by 1/7 due to its reduced ozone formation potential.




NOxTech System (20-year Equipment Life) — Costs provided by NOxTech

Digester Digester Digester Digester Digester Digester Digester Landfill Landfill Landfill Landfill Landfill Landfill
BHP 4200 3471 1600 1350 1000 500 250 4200 3471 2700 2000 1500 1350
Installed Equipment, $
Equipment Cost, 5 (Note 1) 960,000 800,000 400,000 400,000 400,000 400,000 400,000 960,000 800,000 800,000 400,000 400,000 400,000
Installation Cost, S (Note 2) 250,000 200,000 100,000 100,000 100,000 100,000 100,000 250,000 200,000 200,000 100,000 100,000 100,000
Installation Cost Contingency, S
(Note 3) 300,000 300,000 300,000 300,000 300,000 300,000 300,000 0 0 0 0 0 0
Project Management & Installation
Supervision, $ (Note 4) 31,742 26,452 13,226 13,226 13,226 13,226 13,226 31,742 26,452 26,452 13,226 13,226 13,226
Total Initial Investment, $ 1,541,742 1,326,452 813,226 813,226 813,226 813,226 813,226 | 1,241,742 1,026,452 1,026,452 513,226 513,226 513,226
Reactant, $/yr (Note 5) 37,952 31,365 14,458 12,199 9,036 4,518 2,259 37,952 31,365 24,398 18,073 13,554 12,199
Reduced Power Production, $/yr (Note 6) 68,365 56,499 26,044 21,975 16,277 8,139 4,069 53,041 43,834 34,098 25,258 18,943 17,049
Equipment Maintenance, $/yr (Note 7) 16,000 16,000 8,100 8,100 8,100 8,100 8,100 16,000 16,000 16,000 8,100 8,100 8,100
Total Annual Cost, $ 122,318 103,864 48,602 42,274 33,414 20,757 14,428 106,993 91,199 74,496 51,430 40,598 37,348
Present Value of 20-yr Cost, $ (Note 8) 3,204,042 2,737,965 1,473,728 1,387,724 1,267,319 1,095,312 1,009,308 | 2,695,780 2,265,852 2,038,847 1,212,161 1,064,947 1,020,783
NOx Reduction, tpy (Note 9) 12.6 10.5 4.8 4.1 3 1.5 1 12.6 10.5 8.1 6 4.5 4.1
VOC Reduction, tpy (Note 9) 29 24 11.1 9.3 6.9 3.5 1.7 1.3 1.1 0.8 0.6 0.5 0.4
CO Reduction, tpy (Note 9) 538.9 445.4 205.3 173.2 128.3 64.2 32.1 538.9 445.4 346.4 256.6 192.5 173.2
CO Reduction/7, tpy (Note 10) 77.0 63.6 29.3 24.7 18.3 9.2 4.6 77.0 63.6 495 36.7 27.5 24.7
Cost Effectiveness, $ per ton of
NOx+VOC+CO/7 1400 1400 1600 1800 2200 3900 6900 1500 1500 1700 1400 1600 1700
$/kW-hr 0.007 0.007 0.008 0.009 0.011 0.019 0.035 0.006 0.006 0.007 0.005 0.006 0.007



Notes for NOxTech System:

NOxTech provided the following cost information:

Equipment cost for NOxTech unit sized for 1 engine at 1.5 MW max rating = $400,000. 2 units are required for engines greater than 1.5 MW
and less than 3 MW = $800,000. A discount is offered for 3 or more units purchased simultaneously = $960,000 for engines greater than 3
MW.

If a single unit treats multiple engines with a maximum total rating of 1.5 MW, the cost is $450,000.

These installation costs are “turn-key.” They are site-specific and depend on many factors. The installation costs provided by NOxTech are
intended to be typical.

Installation costs, including urea tank, are $100,000 for 1 unit treating 1 engine up to 1.5 MW, $200,000 for 2 units treating engines greater
than 1.5 MW and less than 3 MW, and $250,000 for 3 units treating engines greater than 3 MW.

For a single unit treating multiple engines with a maximum total rating of 1.5 MW, the cost is $150,000.

EMWD'’s installation costs were $400,000 for the EGR system. There were also additional equipment and design costs reported that may be
site-specific, depending on operating characteristics. The added engineering costs are not independently verifiable. As part of the
demonstration project, EMWD incurred added design costs that are not anticipated to be included as a part of future off-the-shelf technology.
The additional costs are presented here merely as a worst case and are not expected to be incurred by future end users. The added EGR costs
do not apply to landfills because there is no expected natural gas supplementation that would necessitate an EGR system.

Project management and installation supervision is assumed to be the same ratio to non-catalyst installed equipment as the OCSD project.
For the Interim Technology Assessment, this cost was estimated to be $36,000 for OCSD labor for project management and installation
supervision of $1,096,000 of non-catalyst equipment cost. For OCSD’s actual non-catalyst equipment cost, which was $1,875,129, the project
management and installation supervision cost is approximately $62,000.

Reactant is urea. Stoichiometry is 1 pound of urea to treat 1 pound of NOx. Cost of urea is $1.50 per gallon based on information provided by
NOxTech. Reactant cost is assumed to vary directly with horsepower.

Reduction in power production is caused by biogas use in NOxTech reactor and pressure drop across NOxTech system. Fuel use is assumed to
be 5% of full-load engine fuel, and pressure drop is assumed to be 3”H20. Calculated reduction in power production is 0.133%.

Reduced power output is: bhp x 0.746 kW/bhp x 8,000 hrs/yr x 0.00133 x 0.97 generator efficiency (kWh/yr).

It is assumed that use of 5% of full-load engine fuel in NOxTech chamber further reduces power by 5% in landfill gas case, but digester gas can
be replaced by natural gas.

Cost of reduced power is $0.08/kWh for digester gas case and $0.0425/kWh for landfill gas case. Cost of natural gas is $0.50 per them.

Information provided by NOxTech: annual maintenance for 1 NOxTech unit is estimated to be $8,100 and $16,000 for 2 or more units. The
annual maintenance cost for 1 unit treating multiple engines with a maximum total rating of 1.5 MW is $10,000.

Same as Note 10 in previous table.

Same as Note 11 in previous table.

10

Same as Note 12 in previous table.
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Glossary of Terms

Acronym
ARB

AQMD
BACT
bhp
CEMS
Cl
Cco
CcoO,
Cpsi
°C

°F
DG
DGCS
EPA
FTIR
GC/MS
H,S
HHV
HI

hp
HRU
IC

in. w.c.
KW
MDL
MMscf
MW
N>
NG
NMHC
NMNEOC
NO,
NOy
02
OCsD
PEMS
PM
ppbv
ppm
ppmv
psig
RPM, rpm
SCAQMD
SCAT
scfm

Definition

Air Resources Board

Air Quality Management District

Best Available Control Technology
Brake horse power

Continuous emissions monitoring systems
Compression Ignition

Carbon monoxide

Carbon dioxide

Cells per square inch

Degrees Centigrade

Degrees Fahrenheit

Digester Gas

Digester Gas Cleaning System
Environmental Protection Agency
Fourier Transform Infrared

Gas chromatography-mass spectrometry
Hydrogen sulfide

Higher Heating Value

Hazard Index

Horse power

Heat Recovery Unit

Internal Combustion

Inches water column

Kilowatt

Method Detection Limit

Million standard cubic feet

Megawatts

Nitrogen

Natural Gas

Non-methane hydrocarbons
Non-methane non-ethane organic compounds
Nitrogen dioxide

Nitrogen oxides

Oxygen

Orange County Sanitation District
Parametric Emission Monitoring System
Particulate matter

Parts per billion by volume
Parts per million

Parts per million by volume

Pounds per square inch gage
Revolutions per minute

South Coast Air Quality Management District
Synthetic gas matrix catalyst activity test
Standard cubic feet per minute
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Acronym Definition

Sl Spark-ignited

VOCs Volatile organic compounds
XRF X-ray fluorescence
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Executive Summary

The Orange County Sanitation District (OCSD) owns and operates two wastewater
treatment plants in Orange County, California, Reclamation Plant No. 1 (Plant 1) in
Fountain Valley and Treatment Plant No. 2 (Plant 2) in Huntington Beach. Each plant
operates a Central Power Generation System (CGS) to produce electrical power for the
plant operations using large digester gas-fired internal combustion (IC) engines. Plant 1
has three (3) 2.5-megawatt (MW) internal combustion (IC) engines and Plant 2 has five
(5) 3-MW IC engines, fueled primarily by digester gas (a biogas) and supplemented by
small amounts of natural gas.

Plants 1 and 2 are within the jurisdiction of the South Coast Air Quality Management
District (SCAQMD). SCAQMD has established regulations aimed at reducing and
controlling air emissions from combustion sources, such as the engines at the plant CGS,
including Rule 1110.2 Emissions from Gaseous and Liquid-fueled Internal Combustion
Engines. In February 2008, SCAQMD amended Rule 1110.2, lowering the emission
limits for nitrogen oxides (NOx), volatile organic compounds (VOCs), and carbon
monoxide (CO) for IC engines. The amended rule also requires biogas-fueled engines to
meet new lower NOx, CO, and VOC emission limits effective July 2012.

In April 2008, OCSD engaged Malcolm Pirnie to conduct an emission reduction
technology evaluation of the CGS engines in order to identify technologies for reducing
NOx, CO, and VOC emissions to meet the new Rule 1110.2 emission limits, including
combustion modification and post-combustion control. After a detailed review of
different technologies, the post-combustion technology of catalytic oxidizer/selective
catalytic reduction (Cat Ox/SCR) system with digester gas cleaning system (DGCS)
using carbon adsorption was recommended as the technology with the most potential for
meeting the future Rule 1110.2 emission limits. OCSD then embarked on a full-scale
pilot study of the recommended technology on Engine 1 at Plant 1 to evaluate if the
future amended Rule 1110.2 limits can be met for their digester gas-fired IC engines.
Because SCAQMD recognized that the future emission limits in amended Rule 1110.2
were “technology-forcing,” the Governing Board directed staff to conduct a technology
assessment to determine if cost-effective and commercially available technologies exist
that can achieve these new lower emission limits. SCAQMD issued a grant to OCSD in
2009 (SCAQMD Contract #10114) to support the pilot test study at Plant 1 Engine 1, and
the operation of the pilot study was granted a Permit to Construct/Operate for an
Experimental Research Project by SCAQMD (Application Number 497717) in
November 2009. The construction and installation of the pilot study equipment
commenced in October 2009; the pilot study testing officially began on April 1, 2010 and
officially ended on March 31, 2011.
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Executive Summary

Under the pilot study, Engine 1 at Plant 1 was equipped with a catalytic oxidizer to
remove CO and VOCs, followed by an SCR system with urea injection to remove NOx
(both systems supplied by Johnson Matthey). Due to space limitations at Plant 1, the
catalytic oxidizer and SCR systems were mounted on a platform 14 feet above an onsite
access road. Engine 1 is fueled primarily by digester gas, supplemented by natural gas.
Digester gas contains low concentrations of siloxanes and other compounds which
convert to sand-like particulate during combustion (silica) that contribute to rapid
degradation of engines, gas turbines, and boilers, along with increased maintenance
requirements. In addition, the silica also adheres to the catalyst media of the post-
combustion control equipment. Therefore, a digester gas cleaning system (DGCS) was
installed (supplied by Applied Filter Technology) to remove these contaminants from the
digester gas before it was combusted in Engine 1. The potential for carbon media
breakthrough was routinely monitored for using Draeger® tubes to measure hydrogen
sulfide (H,S) concentrations. Samples of the digester gas before and after the DGCS
were also sent for laboratory analysis to measure for siloxane, H,S, and VOCs that could
indicate media breakthrough. During the study, inlet and outlet concentrations of CO,
NOx, and VOCs were measured to determine the potential reductions in emissions due to
the Cat Ox/SCR system. Sampling methods included:

m  CO: Portable analyzer, SCAQMD Method 100.1

® VOCs: SCAQMD Methods 25.1/25.3

®m  NOx: Portable analyzer, SCAQMD Method 100.1

®  Aldehydes: Modified CARB Method 430, SCAQMD Method 323 (formaldehyde)

®  Ammonia slip (free ammonia): Modified SCAQMD Method 207.1 and Draeger®
tubes

In addition, data from the OCSD’s continuous emissions monitoring system (CEMS) was
collected at the engine exhaust (inlet to the Cat Ox system) for NOx and at the stack
exhaust for NOx, CO, and O,. All CEMS data is based on 15-minute averages.
Sampling was also performed for formaldehyde, acetaldehyde, and acrolein as required
by the Experimental Research Project permit. In addition, ammonia levels in the stack
exhaust were also measured to quantify potential ammonia slip, a result of the urea
injection used in the SCR system. The overall conclusions of the pilot study are as
follows:

1. The average NOx concentration at the stack exhaust after the pilot study controls
was approximately 7 ppmv, below the 11 ppmv required under amended Rule
1110.2. The lowest NOx stack exhaust concentration met consistently under all valid
conditions was 16 ppmv. While there were some periods (i.e., 15-minute block
averages) where the NOx stack exhaust concentration was above 11 ppmv, after
screening these periods, 181 periods out of 21,285 total operating periods
(approximately 5,321 hours) remained as valid NOx excursions above the new Rule
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Executive Summary

1110.2 limit. These periods occurred during 61 separate events and accounted for
less than 0.9% of the total measurement periods during the pilot study. Excursions
were considered valid when they occurred during periods/events when the
percentage of natural gas increased to above 5% of the fuel blend, when engine loads
exceeded the loads mapped during the SCR system commissioning, or during
periods/events not attributable to engine start-up or operational /system adjustments.
An implication of these remaining periods are that the 11 ppmv limit is too
conservative an emission limit, and may warrant further evaluation and potential
increase and/or a specified percentage of allowable excursions.

SCR systems similar to the Johnson Matthey® system used in the present pilot study
are commercially available for combustion units fueled by single component fuels,
such as natural gas. Although the SCR system did not consistently meet the 11
ppmv limit with the digester gas/natural gas fuel blend in the pilot study, it did
demonstrate a significant reduction in NOx emissions.

The free ammonia concentration was below 0.5 ppmv during all testing events using
either SCAQMD compliance method 207.1, and below the Method Detection Limit
(MDL) using Draeger® tubes.

The maximum CO concentration at the stack exhaust using the CEMS data was 42.2
ppmv, well below the amended Rule 1110.2 emission limit of 250 ppmv.

The maximum VOC concentration at the stack exhaust was found to be 4.95 ppmv,
and was consistently well below the 30 ppmv limit in amended Rule 1110.2.

The use of the combined Cat Ox/SCR system in the pilot study resulted in significant
reductions in CO, VOC, and NOXx.

The DGCS system, in general, removed siloxanes from the digester gas to below
Method Detection Limit (MDL) levels and significantly reduced sulfur compounds
and VOCs successfully reducing catalyst masking which should lead to extended
catalyst life. Additional benefits of the contaminant removal were significant
improvements in engine maintenance requirements and lower O&M costs.

The total capitals cost to design, procure, and install a digester gas cleaning vessel to
clean all the digester gas to the three Plant 1 engines, and a Cat Ox/SCR system with
auxiliary equipment for Engine 1 is estimated to be $2,300,000. The annual
operations and maintenance (O&M) cost for these systems at Plant 1 is
approximately $59,000. Assuming a 20-year lifespan, the total annualized cost
(capital cost plus O&M) for the DGCS and Cat Ox/SCR systems for Plant 1 Engine
1 is $227,000.

The cost effectiveness analysis (based on dollars per ton of NOx, VOC, and CO
emissions reduced) was developed for two scenarios: Scenario 1 assumed that the
uncontrolled emissions were developed based on current permit limits (i.e., 45
ppmv, 209 ppmv, and 2,000 ppmv, respectively), and Scenario 2 assumed that the
uncontrolled emissions were developed based on the results from the 2011 Annual
Compliance Test for Engines 2 and 3. Both scenarios assumed that the controlled
emissions were based on the Rule 1110.2 limits of 11 ppmv for NOx and 30 ppmv
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Executive Summary

for VOCs, and the pilot testing results of 15 ppmv for CO. Under these assumptions,
the cost effectiveness for Scenarios 1 and 2 is $7,987 and $17,585, respectively, per
ton of NOx plus VOCs reduced. The cost effectiveness for Scenarios 1 and 2 is
$636 and $3,546, respectively, per ton of CO reduced. Note that the cost
effectiveness for CO is conservative since the annualized cost is based on the entire
system including the SCR and urea injection system. The annualized cost and
emissions reduced calculations were based on operating each engine for a maximum
of 6,000 hours per year.
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1. Project Background and Objectives

1.1. Background

The Orange County Sanitation District (OCSD) owns and operates two (2) wastewater
treatment plants that serve 21 cities and three special districts in the central and northwest
Orange County, California, Reclamation Plant No. 1 (Plant 1) in Fountain Valley and
Treatment Plant No. 2 (Plant 2) in Huntington Beach. In addition to the wastewater
treatment processes, each plant operates a Central Power Generation System (CGS) to
produce electrical power for the plant operations using large digester gas-fired internal
combustion (IC) engines. Plant 1 has three (3) 2.5 megawatt (MW) internal combustion
(IC) engines and Plant 2 has five (5) 3 MW IC engines, fueled primarily by digester gas
(a biogas) and supplemented by small amounts of natural gas. Biogas, a by-product of
the anaerobic digestion of wastewater solids, is classified as a renewable fuel, and the
combustion of the biogas in the IC engines provides a beneficial reuse of a waste product.

Plants 1 and 2 are within the jurisdiction of the South Coast Air Quality Management
District (SCAQMD). SCAQMD has established regulations aimed at reducing and
controlling air toxic emissions from combustion sources, such as the engines at the plant
CGS, including Rules 1110.2, 1401 and 1402. Under Contract J-79 Air Toxics Emission
Reduction Strategic Plan (2003), Malcolm Pirnie was retained by the OCSD to perform
an evaluation of regulations addressing air toxic requirements under the rules. Malcolm
Pirnie prepared an emission reduction study/air toxics strategic plan for the OCSD to
comply with the NOx emission limit under Rule 1110.2 for IC engines. The study also
addressed acceptable risk levels from Plant 1 and Plant 2 to comply with Rules 1401 and
Rule 1402 (Air Toxic Emission Reduction Strategic Plan (Malcolm Pirnie, 2004) and
2012 Air Toxic Emission Reduction Strategic Plan (Malcolm Pirnie, 2006)). The study
identified the formaldehyde emissions from the CGS engines as a significant contributor
to the overall risk levels, and also identified a catalytic oxidizer system with a digester
gas cleaning system (DGCS) as a viable control technology to reduce the formaldehyde
emissions from the digester gas-fired IC engines. This system was evaluated in a full-
scale pilot study of a catalytic oxidizer system on Engine 3 at Plant 2 (Catalytic Oxidizer
Pilot Study (Malcolm Pirnie, 2007)).

A catalytic oxidizer system is one of the most promising technologies for controlling
carbon monoxide (CO) and volatile organic compounds (VOC) emissions from
combustion units burning natural gas. However, fouling or rapid performance
degradation of the catalytic oxidizers has been an issue for engines burning digester gas
due to contaminants in the digester gas, such as volatile methyl-siloxanes and sulfurous
compounds that tend to foul the catalytic oxidizers. Therefore, the use of a digester gas
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cleaning system to prevent the contaminants in the digester gas from fouling and/or
masking the catalyst was also evaluated.

In February 2008, SCAQMD further amended Rule 1110.2 to reduce emission limits for
nitrogen oxides (NOx), VOCs, and CO, and also to improve/enhance monitoring,
recordkeeping and reporting requirements for IC engines. Biogas engines were given
until July 2012 to meet new lower emission limits. Malcolm Pirnie conducted an
emission reduction technology evaluation of the CGS engines and identified several
technologies for reducing NOx, CO, and VOC emissions, including combustion
modification and post-combustion control (Feasibility Study for a Technology Evaluation
for Compliance with Amendments to SCAQMD Rule 1110.2 — Emissions from Gaseous
and Liquid-fueled Internal Combustion Engines (Malcolm Pirnie, 2008)). After a
detailed review of the different technologies, the post-combustion technology of catalytic
oxidizer/selective catalytic reduction (Cat Ox/SCR) system with DGCS using carbon
adsorption was recommended as the technology with the most potential for meeting the
future Rule 1110.2 emission limits.

In 2009, OCSD embarked on a pilot study of this recommended technology on Engine 1
at Plant 1 to evaluate if the future Rule 1110.2 limit can be met for their biogas-fired IC
engines.  Design of the pilot system included an SCR system for NOx emission
reduction, an oxidation catalyst unit for CO and VOC reduction (including
formaldehyde), and a DGCS upstream from the IC engines for removal of siloxanes to
prevent fouling of the catalysts. Additional benefits of the DGCS include the removal of
total reduced sulfur and total volatile organic compounds. To supplement and support
this study, SCAQMD issued a grant to OCSD (SCAQMD Contract #10114, 2009) for
this pilot test study, and will be evaluating the data collected as part of their technology
assessment of the feasibility of biogas engines achieving the future Rule 1110.2 emission
limits for biogas-fired engines. The operation of the pilot study was granted a Permit to
Construct/Operate for an Experimental Research Project by SCAQMD (Application
Number 497717) (Appendix A-1).

1.2. SCAQMD Rule 1110.2

The IC engines at OCSD are subject to Rules 1110.2. Rule 1110.2 provides emission
limits and monitoring requirements for all stationary and portable engines over 50 brake-
horsepower (bhp). Rule 1110.2 (Emissions from Gaseous- and Liquid- Fueled Engines)
was promulgated to reduce the NOx, CO and VOC emissions from engines over 50 bhp.
On February 1, 2008, Rule 1110.2 was amended in order to achieve further emissions
reductions from stationary engines based on the cleanest available technologies. Under
the February 2008 amendments to Rule 1110.2 shown below, more stringent NOx, CO,
and VOC limits were adopted, to become effective for biogas-fueled engines in July 2012
provided a technology assessment confirms that the limits below are achievable.
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®  NOx limit was lowered from 36 ppm (or ~ 45 ppm*) to 11 ppm at 15% O,.
®  VOC limit was lowered from 250 ppm* to 30 ppm at 15% O,.
®  CO limit was lowered from 2,000 ppm to 250 ppm at 15% O..

* Existing limits allow for an alternative emission limit for OCSD engines based on the engine efficiency
correction factor.

The rule allows for some exemptions, including an exemption during engine start-up, to
allow for sufficient operating temperatures to be reached for proper operation of the
emission control equipment. The start-up period is limited to 30 minutes unless a longer
period is approved for a specific engine by the Executive Officer and is made a condition
of the engine permit.

1.3. Objectives

Because the future Rule 1110.2 emission limits shown above are “technology-forcing,”
the SCAQMD Governing Board directed staff to conduct a technology assessment to
determine if cost-effective and commercial technologies are available to achieve their
limits. This pilot study will be used by SCAQMD as part of that technology assessment
to evaluate the ability of the biogas-fueled engines at OCSD wastewater treatment plants
to meet these future limits.

The objective of this study is to evaluate the effectiveness of a Cat Ox/SCR system with a
DGCS as a post-combustion emissions control technology for an IC engine operating on
biogas at a wastewater treatment plant. The data collected will be evaluated as part of the
technology assessment study for the 2012 biogas engine emission limits under amended
Rule 1110.2. Data were gathered on engine performance and emission reductions. Data
were also gathered to obtain information for use in full-scale design (e.g., back pressure,
impact on heat recovery unit (HRU)), to assess the performance of the DGCS (e.g.,
siloxane removal, media life), and to determine the economic feasibility of operating the
Cat Ox/SCR system and the DGCS.

1.4. Report Organization

This report is organized into the following sections:

®  Executive Summary

m  Section 1. Project Background and Objectives
®m  Section 2. Pilot Study Work Plan

m Section 3. Results and Discussion

m  Section 4. Cost Effectiveness Analysis

m  Section 5. Conclusions and Recommendations

- Orange County Sanitation District
MALCOLM Y

1RNI £ ARCADIS Pilot Testing of Emission Control System Plant 1 Engine 1 % 1-3
Final Report July 2011 =




Section 1
Project Background and Obijectives

®  Appendices
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2. Pilot Study Work Plan

2.1. General Description

The engines at the CGS at both the Fountain Valley Reclamation Plant 1 and Huntington
Beach Treatment Plant 2 are lean-burn, spark-ignited IC engines, and have been
permitted to operate by SCAQMD. Plant 1 has three (3) 2,500 kilowatts (KW) units,
while Plant 2 has five (5) 3,000 KW units. The engines are of conventional four-stroke
cycle stationary Vee engine construction. They utilize spark-ignited pre-chamber
technology to achieve extremely low NOx emissions. These electrical power generation
stations utilize state-of-the-art low emission, spark-ignited, reciprocating engines fueled
by digester gas and/or natural gas to drive generators. The engine generators normally
operate in parallel with the grid, providing electrical loads at both plants. Excess power
at Plant 2 is exported to the local utility. Waste heat energy in the cooling systems and
exhaust are extracted and utilized for process heating through heat recovery units on each
engine. Plant 2 has the capability to produce additional electrical energy with waste heat
energy through use of a steam turbine-generator. Typically, at any given time one unit is
down at Plant 1 and two units are down at Plant 2 for maintenance while the remaining
units operate over a range of 60-120% load. Once placed on line, an engine will operate
approximately 1,000-2,000 hours before being shut down for routine maintenance.

At Plant 1, each of the three IC engines are rated at 3,471 bhp, and each engine can
produce up to 2.5 MW of electricity. This pilot study was conducted on Engine 1 at Plant
1 (see Figure 2-1). Details of the three Plant 1 engines, including Engine 1 are shown in
Table 2-1.

Based upon a carefully designed series of studies performed for OCSD to meet existing
and emerging regulatory standards, the full-scale pilot study of Engine 1 at Plant 1
included a DGCS using carbon media for removal of siloxanes and other harmful
contaminants from the digester gas, and post-combustion control technology using a
catalytic oxidizer system to reduce emissions of CO and VOCs, and SCR technology
with urea injection for controlling of NOx emissions. The engine is equipped with
continuous emissions monitoring system (CEMS) at the engine exhaust for measuring
NOx concentration entering the Cat Ox/SCR system, and at the stack for measuring NOX,
CO, and oxygen (O,) concentrations after the Cat Ox/SCR system. Figure 2-2 and
Appendix A-2 shows a schematic of the overall system.

Construction of the pilot study was initiated in October 2009. During the design and
construction for the pilot study, two other projects were also in progress at Plant 1:

m J-79-1 Central Generation Automation. During this project, the engine control
systems (ECS) for the CGS at both plants were replaced. The existing ECS at both
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facilities were no longer being manufactured and parts replacement was not reliable.
The new systems provide automatic load management capability, as well as an
emissions monitoring feedback signal for exhaust emissions control.

m J-79-1A Continuous Emissions Monitoring Systems. Installation of a CEMS at the
stack outlets of the CGS engines at both plants and NOx inlet analyzers.

Prior to the start of the full-scale pilot study, both J-79-1 and J-79-1A projects were
completed at Plant 1 Engine 1 before the pilot system commenced operation in April
2010 and initial performance testing was performed on both the DGCS and Cat Ox/SCR
system.

2.2. Digester Gas Cleaning System

Digester gas is generated during the anaerobic digestion of the sewage sludge produced
during the wastewater treatment process. This biogas contains contaminants such as
hydrogen sulfides (H,S), VOCs, and low concentrations of volatile siloxane compounds.
Siloxane is a compound that is found in numerous consumer personal products and thus
enters the wastewater treatment system. During combustion, the siloxanes convert to
silica, sand-like particulate that deposit on the surfaces of combustion equipment
contributing to a rapid degradation of engines, gas turbines, and boilers, along with
increased maintenance requirements. In addition, the silica also adheres to the catalyst
media of any post-combustion control equipment. These deposits can cause masking of
the catalyst sites that significantly reduces the effectiveness of the catalyst. Based upon
the pilot testing performed at Plant 2 (Malcolm Pirnie, 2008), the DGCS was shown to be
successful in removing contaminants such as siloxanes, H,S, and VOCs from the digester
gas, and extending the catalyst performance life comparable to an IC engine combusting
natural gas. In addition, the use of the DGCS resulted in a significant reduction in
operations and maintenance (O&M) costs for the CGS engines.

2.2.1. DGCS Technology and Equipment

In order to minimize the masking effect from the siloxanes and sulfurous compounds, and
prevent the deterioration of the post-combustion Cat Ox/SCR system installed for the
pilot study, the digester gas was scrubbed to remove these contaminants prior to
combustion. A DGCS (SAG™) supplied by Applied Filter Technology, Inc. (AFT) and
consisting of a single carbon media vessel was installed at Plant 1. The SAG™ process
was developed to remove siloxanes and other contaminants considered harmful to power
generation equipment including engines, gas turbines, fuel cells and boilers. The media
also treats VOCs, H»S, and other sulfides. The vessel contains three layers of specialized
graphite-based molecular sieves, which are small to large black pellets or spheres,
capable of removing, through adsorption, the siloxanes from the biogas. The sieve types
and layer depths (and the resulting vessel size) are determined by gas analysis to confirm
system performance parameters. The biogas enters the SAG™ vessel at the top and
proceeds down through the layers of sieves, exiting through flanged septa connected to a
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manifold header. Each layer removes a specific type of contaminant and, in turn, protects
the layer following it by removing contaminants that can foul it. The SAG™ siloxane
media is a loose pellet form of polymorphous graphite carbon-based media specifically
designed for removal of siloxanes in methane, and can be disposed of as a non-hazardous
waste at a local approved site. Following system start-up, the vessel is allowed to process
the biogas until there is breakthrough. In the present pilot study, the potential for media
breakthrough was conservatively determined using H,S as a marker. Once the potential
for breakthrough is determined, the media is scheduled for change out. The vessel is then
taken out of service, the media is replaced, and the vessel is returned to service.

The SAG™ unit used in the pilot study was a single stage, 7.5 ft diameter by 8 ft straight
-sided dished downflow carbon steel filter unit. The unit contained 9,900 Ibs of SAG™
three-stage media for siloxane removal. It includes interior high build epoxy coating and
corrosion allowance vessel plate thickness. The DGCS system was sized and designed
such that it could be used to clean all the digester gas produced at Plant 1. The DGCS
was designed for the conditions presented in Table 2-2.

The DGCS was located along the south side of the Gas Compressor Building. Figure 2-3
shows a photograph of the DGCS at the Plant 1.

2.2.2. DGCS Measurement and Monitoring Methods

One objective of this pilot study was to assess the performance of the DGCS with respect
to the removal of siloxanes and other contaminants, along with the life of the removal
media. Based on the pilot testing performed at Plant 2 Engine 3, the DGCS proved
successful in removing contaminants from the digester gas. The catalyst at Plant 2
Engine 3 fouled rapidly after combustion of uncleaned digester gas. Catalyst
performance with the DGCS was comparable to that of a catalyst installed on the exhaust
of an IC engine operating on natural gas.

Testing was performed to determine if the equipment met the design specifications. Two
sampling methods are commonly used for measuring siloxanes: gas chromatography-
mass spectrometry (GC/MS) and the wet chemistry method. Digester gas analyzed using
GC/MS can be collected using either Tedlar® bags or canisters. The wet chemistry
method requires samples to be collected using methanol impingers over a two to four
hour sampling period, and then sent to a lab for analysis. After discussions with several
certified laboratories, and review of several published papers, both methods were found
to have merit; however, the collection of the samples using Tedlar® bags for
measurement by GC/MS provided the most flexibility for minimum sampling time and
equipment required. In the initial performance testing of the gas cleaning system,
samples were collected using Tedlar® bags, canister, and methanol impinger methods at
the digester gas inlet location at the same time, during the same day, and the analytical
results were compared to determine the most appropriate method for analyzing
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performance breakthrough. During the initial test, individual measurements of inlet total
siloxane, consisting of, hexamethylcyclotrisiloxane (D3), octamethylcyclotetrasiloxane
(D4), decamethylcyclopentasiloxane (D5), hexamethyldisiloxane (L2),
octamethyltrisiloxane (L3), and any other siloxane compounds identifiable according to
the test method, were recorded.

For the sampling performed using Tedlar® bags at the DGCS inlet, the samples were
collected and sent to a certified laboratory for the analysis of speciated siloxanes using
TO-14/15, speciated VOCs using TO-15, total reduced sulfides using EPA 1023 Method
16B, or ASTM Procedure D-5504 GC/SCD, and the overall gas components and quality
(% CHy, % COy, % N,, heating value using) using EPA Method 3C. One sample was
also collected at the DGCS outlet to confirm that the DGCS met performance standards
for all siloxanes to be measured as non-detect (i.e., below Method Detection Limit,
MDL).

Samples were also collected in SUMMA® canisters at the DGCS inlet and sent to a
certified laboratory for analysis of speciated siloxanes. In addition, speciated VOCs were
analyzed using TO-15, total reduced sulfides were analyzed using ASTM D-5504, and
overall gas components and quality (% CHa, % CO,, % N,, heating value) was analyzed
using ASTM D-1946.

The wet chemistry method was used at the DGCS inlet. During the test, the digester gas
sample was collected using methanol impingers over a 4-hour period, and the samples
were sent to the laboratory for individual measurements of inlet total siloxane.

Hydrogen sulfide testing was conducted weekly using Draeger® tubes. The H,S
concentration was used as an indicator that the media was nearing saturation.
Breakthrough itself was determined to occur when the total siloxane concentration at the
outlet of the carbon adsorber was above the MDL or when the H,S concentration reached
15 ppm. Originally, the monitoring plan recommended by the vendor, AFT, was to use an
H,S concentration threshold of 5 ppm at the outlet to trigger siloxane and siloxane
compound testing every week until breakthrough occurred. @~ However, a more
conservative approach for media saturation was used for the pilot study. Saturation and
media replacement was triggered when measurable H,S levels (generally around 1 ppm)
were found using the Draeger® tube readings. The procedures used for taking the
Draeger® tube measurements are shown in the Monitoring Test Procedure in the CD
attached to this report. OCSD staff also performed routine sampling of the digester gas
for H,S (Draeger® tubes), sampling for reduced sulfides (SCAQMD Method 307-91),
and sampling for speciated VOCs (TO-15).
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2.2.3. Selection of DGCS Sampling Method

Details of the DGCS performance test are presented in a Technical Memorandum
(Malcolm Pirnie, May 5, 2010) found in Appendix A-3. Table 2-3 summarizes the
results of the comparison of siloxane sampling methods.

As shown in the summary of the results shown in the table, the Tedlar® bag sampling
method detected the highest level of total siloxane. In addition, the Tedlar® bag
sampling method provided the most flexibility for minimum sampling time and
equipment required. Based on these criteria, the Tedlar® bag method was chosen as the
sampling method for the digester gas sampling for siloxanes.

2.3. Cat Ox/SCR System

Based on the results of the Catalytic Oxidizer Study on Plant 2 Engine 3 (Malcolm Pirnie,
2007) and the Feasibility Study (Malcolm Pirnie, 2008), the combination of a catalytic
oxidizer followed by selective catalytic reduction equipment with urea injection provided
by Johnson Matthey (JM) was selected for the pilot study.

Catalytic oxidation is a post-combustion control technology which has been
commercially proven to reduce CO, VOCs and air toxics, including formaldehyde and
acrolein, from engines burning natural gas. There is, however, limited performance data
for an engine fired with digester gas, either with or without a gas cleaning system. The
digester gas, which is generated during the biological consumption of solids that are
collected during the wastewater treatment process, contains low but detrimental
concentrations of siloxane compounds, which convert to silica during combustions and
deposit on the surfaces of post-combustion equipment, including catalyst media. This
fouling of the catalyst, or catalyst masking, significantly reduces the effectiveness of the
catalyst. In order to minimize this masking effect, the digester gas can be pre-cleaned to
remove these siloxanes prior to combustion.

The Johnson Matthey catalyst elements are manufactured in a “block” form. The catalyst
block substrate is made from stainless steel foil that is retained by a stainless steel frame.
This structure undergoes a proprietary coating process in which the foil is chemically
treated to increase surface area. Active platinum group metal catalysts are then applied.
The coating, catalyst composition, and honeycomb pore size were designed by Johnson
Matthey to provide optimum durability and pollutant removal efficiency for the specified
operating environment.

In the SCR system, the exhaust enters a mixing tube where a stream of atomized urea is
introduced into the gas. The urea quantity is controlled by the urea injection control
system. Mixing vanes distribute the atomized particles throughout the exhaust gas.
Ammonia is formed from aqueous urea ((NH),CO) after the urea injection, which
involves evaporation of water, thermal decomposition of urea, and finally hydrolysis of
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iso-cyanic acid. Evaporation of water is initiated when the aqueous urea is injected into
the exhaust gas pipe. This mixture then enters the SCR housing. A chemical reaction
between the ammonia from the urea, the exhaust gas NOx component, and SCR catalyst
results in the reduction of the NOx into nitrogen (N;), carbon dioxide (CO,), and water
(H20). The basic equations are:

Urea Reaction
(NH,),CO — NH3 + HNCO
HNCO + NOx + 02 — N2 + HQO + C02

Ammonia Reaction
NH3 + NOx + 02 — Nz + H20 + C02

The percent reduction of NOx is determined by the amount of urea introduced into the
gas flow.

The Cat Ox/SCR system was installed in a horizontal position on a platform, elevated at a
height of approximately 14 feet directly west of Engine 1 at Plant 1. This platform-
mounted installation allowed for easy access to the equipment and access to the roadway
underneath the platform. Figure 2-4 shows a photograph of the platform installation.
The Cat Ox/SCR system was designed for the conditions and performance guarantees
presented in Tables 2-1 and 2-4, respectively.

2.3.1. SCR/Catalytic Oxidizer System Technology and Equipment

Oxidation Catalyst Housing. The oxidation catalyst consisted of one Johnson Matthey
Model 4040SS-4-30/36 housing for the catalyst at Engine 1. The housing has access
doors on both sides of the housing, with four tracks for installing catalyst. One of the
tracks houses the initial catalyst supplied, with three tracks available for later expansion if
needed. There is a 30-inch flange on the inlet and a 36-inch flange on the outlet of the
housing. When completely full of catalyst (4 layers), the total weight of the housing plus
the catalyst is about 8,190 pounds. The housing has a number of two % inch ports on the
inlet and two % inch ports on the outlet of the oxidation catalyst housing.

Oxidation Catalyst. A total of sixteen (16) whole oxidation catalyst blocks were part of
this system. They were arranged 4 blocks wide x 4 blocks high x 1 block deep. [A whole
block is approximately 2 feet wide x 2 feet tall x 3% inches deep and constitutes
approximately 1 ft* of catalyst volume.] The cell density of this catalyst is 200 cells per
square inch (cpsi). Figure 2-5 shows a photograph of the catalyst.

SCR Catalyst Housing. Johnson Matthey provided a JM Model 4040SS-4-36 housing
for the catalyst. The housing was fabricated in 304 stainless steel. Two layers of catalyst
were installed and there were two open tracks for addition of another layer if desired at a
later date. The housing was equipped with access doors on both sides of the housing.
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There are 36-inch inlet and outlet flanges (150# ANSI) provided on the housing. When
completely full of catalyst (4 layers), the total weight of the housing plus the catalyst is
approximately 8,190 pounds. The housing has a number of two % inch ports on the inlet
and two % inch ports on the outlet of the SCR housing for sampling.

SCR Catalyst. The catalyst consists of thirty-two (32) whole SCR catalyst blocks on
200 cpsi metal substrate. They are arranged 4 blocks wide x 4 blocks high x 2 blocks
deep. [A whole block is approximately 2 feet wide x 2 feet tall x 3% inches deep, and
constitutes approximately 1 ft* of catalyst volume.]

Urea Injection Control System. This system was designed to control the injection rate
of urea into the SCR based on engine load for one fuel blend. During the initial
commissioning of the system, the engine load, the urea injection rate, and the NOx and
ammonia outlet concentrations were measured and mapped. Mapping refers to the
process in which the urea injection rate is correlated to the engine load in order to meet
the desired NOx exhaust concentration. The system allowed for up to 25 combinations of
engine load versus urea injection rate (set points).

In addition to the load map control, the injection system also uses a system of bias set
points to trim the urea injection. The NOx curve bias is a percentage that can be input by
the operator to increase or decrease the urea injection rate. This bias is typically set to
0%, but can be modified if engine operation is expected to change the NOx produced in
the exhaust emissions. The NOx add bias increases the urea injection rate by an input
gallon per hour setting based on the NOx outlet concentration from the stack exhaust
CEMS analyzer. When the NOx outlet concentration reaches the level set in the control
system, the urea injection rate will increase by the bias set point. The NOx subtract bias
decreases the urea injection rate in the same manner. For the pilot test, no NOx subtract
bias was set.

The SCR process requires precise control of the urea injection rate. An insufficient
injection may result in unacceptably low NOx conversions. An injection rate that is too
high can result in release of excessive ammonia emissions. These excess gaseous
ammonia emissions are known as “ammonia slip”. Under the research permit for this
study, the maximum allowable ammonia slip is 10 ppm. Excess ammonia can lead to
clogging and equipment problems in downstream equipment. In addition, emissions of
ammonia slip to the atmosphere can result in odors and a visible plume. The ammonia
slip increases at higher NH3/NOx ratios. The stoichiometric NH3/NOx ratio is
approximately 1.

2.3.2. Cat Ox/SCR Measurement and Monitoring Methods

Preliminary Testing/SCR Urea Injection Mapping. The objective of the preliminary
testing was to measure the performance of the system at varying loads and fuel blends
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(i.e., digester gas and natural gas), and to map the urea injection system. The CO, NOXx,
and O, concentrations at varying engine loads and fuel distributions at the inlet of the
oxidation catalyst and the outlet of the SCR catalyst were monitored for a period of six
(6) hours at ten (10)-minute intervals using the TESTO® 350 XL Portable Monitor
during startup as part of the preliminary testing. In addition, ammonia measurements
were taken at the outlet of the SCR catalyst at ten (10)-minute intervals using Draeger®
tubes. A data logger was used to monitor temperature and pressure differential on a real-
time basis over the six (6)-hour testing period. Carbon monoxide was also monitored with
the TESTO® 350 XL Portable Monitor. Load and fuel distribution of the engine were
varied according to the schedule shown in Table 2-5. The recorded data is provided in
Appendix C-1.

A secondary objective of the preliminary testing was to provide varying load and fuel
scenarios for Johnson Matthey to map the urea injection system. A description of the
SCR urea injection mapping during the pilot test is provided in a technical memorandum
in Appendix A-4. Figure 2-6 presents a mapping diagram of the urea injection rate
designed for a 95% digester gas to natural gas fuel blend during the pilot testing period
after system adjustments were made on June 8§, 2010.

Source Testing Using Compliance Methods. Source testing using SCAQMD
compliance methods was performed after preliminary testing of the Cat Ox/SCR system
and equipment startup and commissioning in order to measure the emissions of the
system. The following summarizes the source testing using compliance methods
performed on April 7-8, 2010:

®  The initial testing using compliance methods was performed for one fuel blend (95%
digester gas and 5% natural gas)

m Source testing was performed to sample for CO, NOx, VOCs, ammonia, and
aldehydes (formaldehyde).

®m SCAQMD Method 100.1 was used to measure NOx, CO, CO,;, and O
concentrations, modified CARB Method 430 was used to measure aldehydes (i.e.,
formaldehyde), Method 25.3 was used to measure total non-methane non-ethane
organic compounds (NMNEOC), and modified SCAQMD Method 207.1 was used
for measuring ammonia.

Table 2-6 describes details of the April 2010 initial test program using compliance

methods.

2.4. Pilot Study Test Program Timeline

Table 2-7 presents the pilot study project timeline. The full equipment commissioning
took place between March 23 and April 1, 2010. The pilot testing was conducted from
April 1, 2010 through March 31, 2011. Since Engine 1 is used to provide power to the
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plant, it continued operation throughout the construction and commissioning of the
system, with occasional stoppages as needed by the present study as well as the J-79-1

and J-79-1A projects.
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Table 2-1:
Engine 1 Design Parameters

Manufacturer: Cooper-Bessemer
Model: LSVB-12-SGC
Cycle: 4-stroke
Bore: 15%in
Stroke: 22 1n.
Configuration: Vee-12
Rated Speed: 400 RPM
Rated Output: 2,500 KW
BMEP: 138 psi
Horsepower 3,471 bhp
Load 100%
Operating Hours per Year Up to 8,760
Type of Fuel Cleaned Digester Gas / Natural Gas
Design Exhaust Flow Rate 27,555 acfm
Design Exhaust Temperature 800°F
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Table 2-2:

DGCS Design Specifications

Gas Description

Anaerobic digester gas

Flow 1440 scfm
Pressure drop per foot of media 0.5in. w.c.
Pressure drop total with piping 7.5in. w.c

Pressure - actual

58 psig inlet (actual)

Pressure - design 150 psig
Maximum gas inlet Temperature 70°F
Maximum Ambient Temperature 100°F
Minimum Ambient Temperature 40°F

Humidity Saturated at 70°F
Siloxane — design 5 ppm

Siloxane — current 5 ppm

Total Reduced Sulfur (H.S) - design 50 ppm

Total VOC — design 50 ppm

Siloxane removal

Below best available detection limit at time of testing (i.e.
100 ppbv per species using methanol impinger; or 500
ppbv per species in Tedlar® bag by GC/MS)
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Table 2-3:
Comparison of DGCS Sampling Methods

Comparison of DGCS Sampling Methods

DGCS Inlet Total Siloxane (ppbv)

Tedlar® — Inlet 3,584

SUMMA Canister — Inlet 554

Methanol Impinger — Inlet 1,457
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Notes: 1)

Cat Ox/SCR Performance Guarantees

Table 2-4:

Maximum Catalyst Maximum Catalyst Reduction
Exhaust Component System Inlet System Outlet G
uarantee
(ppmv) (ppmv)

NOXx 50 9 82.0%

VOC 120 25 79.2%

CO 800 100 87.5%

Free Ammonia Slip N/A 10 N/A

Provided by Johnson Matthey price quotation, dated May 8, 2009.

2) N/A indicates not applicable. Ammonia was not measured before the catalyst.
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Table 2-5:
Preliminary Testing Schedule

Natural Gas/Digester Gas
Test Run Engine Load % Fuel Ratio Time Period (min)
(% NG / % DG)
1 60 50/50 30
2 80 50/50 30
3 100 50 /50 30
4 110 50/50 30
5 60 100/0 30
6 80 100/0 30
7 100 100/0 30
8 110 100/0 30
9 60 5/95 30
10 80 5/95 30
11 100 5/95 30
12 110 5/95 30
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Table 2-6:
Initial Pilot Study Test Program (95% Digester Gas and 5% Natural Gas)
No. of .
Parameter Reference Method Load Tests Sample Location
Aldehydes @) Modified CARB Max. 2 Catalytic Oxidizer Inlet
Method 430 2 Stack Exhaust
Volume Flow SCAQMD 1.1-4.1 Max. 1 Stack Exhaust
EPA 19 Normal
Min.
NOy, CO, O, SCAQMD 100.1 Max. 1 Stack Exhaust
and CO; Normal
Min.
Ammonia Modified SCAQMD 207.1 Max. 2 Stack Exhaust
Normal
Min.
VOCs SCAQMD 25.3 Max. 1 Catalytic Oxidizer Inlet
(as NMNEOC) SCR Outlet
Stack Exhaust
NOx, CO, O2 CEMS N/A N/A Stack Exhaust
NOx, O, CEMS N/A N/A Catalytic Oxidizer Inlet
Note: 1) Aldehydes analysis included formaldehyde, acetaldehyde, and acrolein.

2) N/Aindicates not applicable.
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Table 2-7:
Pilot Study Project Timeline

Action

Date

Project Construction Period

10/2009 - 3/2010

Commissioning

B Digester Gas Cleaning System Commissioning (AFT)

3/9/10

B Cat Ox/SCR System Commissioning (Johnson Matthey)

3/22/10-3/31/10

Preliminary Testing/SCR Urea Injection Mapping (Johnson Matthey)

3/31/10 — 4/1/10

Pilot Study — Commence Testing

4/1/10

Source Testing using Compliance Methods (SCEC)

4/7/10 — 4/8/10

Urea Injection Mapping Adjustment #1 (Johnson Matthey) 5/13/10
Urea Injection Mapping Adjustment #2 (Johnson Matthey) 6/8/10
Completed Pilot Testing 3/31/11

Post-Pilot Study Testing

4/1/11 — present

Urea Injection Mapping Adjustment #3 (Johnson Matthey)

4/11/11 - 4/12/11
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Figure 2-1: Plant 1 Engines 1, 2, and 3 (pictured left to right)
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Figure 2-2: Schematic of the Pilot Testing System
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Figure 2-3: Digester Gas Cleaning System
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Figure 2-4: Cat Ox/SCR Platform Installation
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Figure 2-5: Catalyst and Housing
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Figure 2-6: SCR Urea Injection Curve for Pilot Testing

(June 8, 2010 through March 31, 2011)
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3. Results and Discussion

3.1. Digester Gas Cleaning System

The digester gas cleaning system installed at Plant 1 was designed to remove siloxanes
and other impurities from the digester gas prior to being used to fuel the three IC engines.
Throughout the pilot study, the performance of the DGCS system was evaluated by
monitoring for carbon media performance and change out frequency. Samples for the
family of siloxanes, H,S, and speciated VOCs in the digester gas were taken at the inlet
and outlet to the DGCS carbon vessel, and sent to the laboratory for testing. When the
testing indicated that the DGCS media needed replacement, flow to Engine 1 was
curtailed until the media was replaced. Digester gas continued to be used by Engines 2
and 3 since they were not equipped with post-combustion catalyst controls that could be
fouled by the siloxanes and other contaminants in the digester gas. Once the DGCS
media was replaced, the testing was resumed on Engine 1.

3.1.1. DGCS Sample Integrity

The composition of the digester gas at the inlet to the DGCS was tested for a number of
compounds, including H,S, as an indicator compound for media breakthrough, reduced
sulfides, siloxanes, and a number of speciated VOCs. Since the sampling was performed
using Tedlar® bags, and occasionally SUMMA canisters, the potential exists for ambient
air to be captured along with the digester gas, thus diluting the sample. In order to assure
that the samples were not diluted, the fixed gas composition of the gas was also
measured. Fixed gases are gases for which no liquid or solid can form at the temperature
of the gas, such as air at typical ambient temperatures. In the present study, N, Oz, CO,,
and CH,4 were the fixed gases sampled. The digester gas typically consisted of 36%
carbon dioxide, 61% methane, 2% nitrogen, and less than 1% oxygen. In the event that
ambient air is pulled into the digester gas sample bag, the percentage of nitrogen will be
significantly greater than 2%, and the concentrations of the digester gas contaminants
would be diluted.

A summary of the fixed gas composition sampling data from March 2010 through
February 2011 is shown in Table 3-1. The full fixed gas composition data set is found in
Appendix B-1. Over the course of this fixed gas composition sampling, three samples
were eliminated due to errors in sample collection that led to a nitrogen percentage
greater than 5%; one sample set (Tedlar® and Summa canister) was also eliminated due
to extremely high nitrogen concentrations indicating that ambient air had leaked into the
sample. However, a comparison of the inlet and outlet fixed gas composition
demonstrated that the integrity of the overall digester gas samples taken was maintained
with inlet and outlet concentrations of CO, CHy4, N, and O, staying within the range
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expected, indicating that the carbon media did not adsorb methane or the other fixed
gases.

3.1.2. Digester Gas Quality

Table 3-2 presents the results of the reduced sulfides component of the digester gas. The
data indicate that H,S is the biggest constituent of the reduced sulfides sampled. The
average H,S concentration was approximately 26 ppmv. The high H,S input
concentration makes it a good indicator compound for detecting catalyst media
breakthrough at the outlet of the system. Table 3-3 presents the results of the speciated
siloxane sampling. Typical of digester gases in general, D5 and D4 are the largest
siloxane components of the Plant 1 digester gas. Table 3-4 presents the results of the
VOC sampling. The reduced sulfide, speciated siloxane, and VOC data sets are found in
Appendices B-2, B-3, and B-4, respectively.

3.1.3. DGCS Performance

The DGCS was monitored for carbon media performance and change out frequency
throughout the study. Digester gas samples were taken at the inlet and outlet of the
DGCS carbon vessel for total siloxane concentration and H,S, and at the inlet for
speciated siloxanes, reduced sulfides, and VOCs. Samples below the method detection
level (MDL) were not used in the summary analysis.

Siloxane samples were collected using Tedlar® bags and analyzed using GC/MS at both
inlet and outlet of the system. Due to the length of time required to analyze the siloxane
samples (approximately several days to two weeks), H,S sampling at the DGCS outlet
using Draeger tubes was used as a real-time indicator of the DGCS carbon media
performance. When H,S was detected in the DGCS outlet above approximately 1 ppmv,
Engine 1 was shut-down to prevent fouling of the catalyst material until the carbon media
was replaced in the DGCS. The use of 1 ppmv H,S as an indicator for potential media
saturation is a conservative threshold selected to ensure that media breakthrough would
not occur during the study. Table 3-5 presents the results of the siloxane and H,S
sampling. The table indicates that the siloxane concentrations at the inlet varied over the
course of the study. As shown in Table 3-3, the average inlet concentration of total
siloxanes at was approximately 5.0 ppmv. The DGCS generally removed siloxanes to
below the MDL.

The carbon media was replaced three times during the pilot study: in June 2010, in
September 2010, and in February 2011 after treatment of approximately 147, 174, and
157 million cubic feet of digester gas, respectively. Appendix B-5 provides a summary
of reduced sulfide and speciated siloxane sampling events with DGCS carbon media use
and change out frequencies. This media change-out information will be used in the cost
evaluation for the overall system presented in Section 4. The effectiveness of DGCS
media life may be longer than experienced during the current pilot testing because the
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media change-outs were conservatively scheduled to protect the catalyst. For longer term
operations, a design change to optimize media life could include the installation of two
vessels in series. The second vessel would act as a polisher to provide catalyst protection
from siloxane breakthrough while allowing the media in the primary vessel to be
completely exhausted.

3.2. Cat Ox/SCR System

The purpose of the demonstration project testing program was to evaluate the
effectiveness of the Cat Ox/SCR system for removal of CO, VOC, and NOx to comply
with amended Rule 1110.2, to monitor for ammonia slip, and to evaluate the performance
of the engine with the emissions control equipment installed. The pilot testing of the Cat
Ox/SCR system began on April 1, 2010, immediately after completion of the SCR urea
injection mapping by Johnson Matthey. The pilot study continued until March 31, 2011.

The concentrations of CO, NOx, and O; in the engine exhaust gas before and after the
Cat Ox/SCR system were determined by an independent source testing firm using
SCAQMD Method 100.1, a chemiluminescent compliance testing method, during source
testing on April 7 and 8, 2010. Routine monitoring of CO, NOx, and O, concentrations
using OCSD’s TESTO 350 XL portable handheld analyzer was also performed. The use
of the portable analyzer measuring CO and NOx allowed for numerous data sets to be
collected at regular intervals throughout the pilot study. The detailed portable analyzer
test report can be found in Appendix C-1. In addition, a CEMS monitored and recorded
the 15-minute block average NOx concentrations at the catalytic oxidizer inlet (engine
exhaust) and the NOx, CO and O; concentrations at the stack exhaust. VOC
concentrations were measured periodically at the engine exhaust and stack exhaust using
SCAQMD Method 25.3.

The results of the source testing at Plant 1 using SCAQMD compliance methods on April
7-8, 2010 and SCAQMD Rule 1110.2 compliance testing in January 2011 are shown in
Tables 3-6 and 3-7, respectively. Results for the January 2011 source testing at Plant 1 in
Table 3-7 are also shown for Engines 2 and 3 for comparison. As shown in the January
2011 annual compliance test results (Table 3-7), the average NOx and CO concentrations
in Plant 1 Engine 1 over three loads are 6.2 and 7.9 ppmv, respectively. This is lower
than the average Engines 2 and 3 NOx and CO concentrations over three loads of 30.2
and 390.5, respectively. Results of the routine pilot test sampling events are provided in
Section 3.3.

3.3. Compliance with Future Rule 1110.2 Emission Limits

The results of the pilot study were evaluated for compliance with the future Rule 1110.2
emission limits. The CO and VOC results represent data collected after the initial startup
of the equipment from April 1, 2010 through March 31, 2011. The NOx results represent
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data collected after the urea injection system was optimized on June 8, 2010 through
March 31, 2011.

3.3.1. Carbon Monoxide Concentration

CO concentration data were collected during source testing at the engine exhaust and
stack exhaust routinely throughout the pilot testing period using the hand-held portable
analyzer at the engine exhaust and SCR outlet and also continuously at the stack exhaust
by the CEMS. The data collected during these events is summarized in Table 3-8. All
CO data collected by the portable analyzer and the CEMS are presented in Appendices C-
1 and C-3, respectively.

The CO concentration data at the engine exhaust (CO inlet) and the stack exhaust (CO
outlet) are presented graphically in Figure 3-1. The CO inlet concentration was measured
with the portable analyzer. The CO outlet concentration, measured by the CEMS, is
shown as the maximum daily 15-minute average CO outlet concentration. The percent
reduction in CO concentration measured across the Cat Ox/SCR system by the portable
analyzer consistently exceeded 96% reduction. This performance was consistent when
firing either digester or natural gas. This CO concentration removal rate exceeds the
expected performance based upon the catalytic oxidizer vendor guarantee of 87.5% CO
removal, provided in Table 2-4.

3.3.2. Volatile Organic Compounds Concentration

The VOC concentration data in terms of NMNEOC was collected during source testing at
the engine exhaust, the stack exhaust, and routinely throughout the pilot testing period
using SCAQMD Method 25.3. All data collected is presented in Appendix C-2. As
shown in Table 3-9, the average VOC concentration at the stack exhaust was 3.58 ppmv,
below the emission limit of 30 ppmyv in the future Rule 1110.2.

Data measured during the pilot testing period were compared to VOC concentrations
measured for the OCSD Rule 1110.2 Annual Permit Compliance Test Report for Year
2011. Table 3-7 summarizes the annual permit compliance VOC test results for OCSD
Plant No. 1.

The average uncontrolled VOC concentration for Engines 2 and 3 during the compliance
testing was 97 ppmv, while the controlled VOC concentration from Engine 1 stack
exhaust was 3.24 ppmv. This is in the same range of the VOC concentrations measured
during the pilot testing period (i.e., 3.58 ppmv), confirming the effectiveness of the
catalytic oxidizer (at approximately 96%) in removing VOCs from the engine exhaust.

It should be noted that the stack exhaust VOC concentrations for Engines 2 and 3 of 97.2
and 96.9 ppmv, respectively, are much higher than the VOC concentrations measured at
the Engine 1 engine exhaust during the pilot testing period, which averaged 21.84 ppmv
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(refer to Appendix C-2). One possible explanation to this is the arrangement of the
Engine 1 sampling port before the catalytic oxidizer. Typically, when sampling using
SCAQMD Method 25.3, two samples are gathered from two separate probes and the
results of the analyses are averaged. In the case of this pilot study, the valve at the engine
exhaust sampling port was not large enough to locate two adjacent probes, and it was not
possible to expand the sampling port. Therefore, the sample and duplicate sample were
not taken at the same time, but one after the other. The VOC data collected at the engine
exhaust represents the higher of the two sample data results, in line with SCAQMD’s
general mandate that the higher value be reported when the results differ by more than
20%. Despite the lower accuracy in the engine exhaust sample due to the sizing of the
sampling port, the sample taken at the stack exhaust location met the SCAQMD accuracy
criteria.

3.3.3. Nitrogen Oxides Concentration

NOx concentration data were collected during source testing at the engine exhaust and
stack exhaust, routinely throughout the pilot testing period using the portable hand-held
analyzer at the engine exhaust, after the catalytic oxidizer and stack exhaust; and
continuously at the engine exhaust and stack exhaust by the CEMS.

Based on the results of previous source testing, it is observed that the concentration of
NOx produced in the engine exhaust for a given load is higher when firing natural gas
than when firing digester gas at any given load. Therefore, the efficiency of the SCR
system is reduced as the percentage of natural gas increases. The original urea injection
set points, set on April 1, 2010 during commissioning, were set for a blend of digester gas
and natural gas. The set points, which are a function of engine load, were adjusted on
June 8, 2010 to decrease urea flow because a higher ratio of digester gas to natural gas
was fired in Engine 1 than was originally anticipated. Therefore, the urea injection rates
were reduced to control a lesser concentration of NOx in the exhaust gas. The data
presented in this section represents the pilot testing period from June 8, 2010 through
March 31, 2011. The data collected during this period are summarized in Table 3-10.
The entire dataset collected is presented in Appendix C-3.

The NOx concentration data at the engine exhaust and the stack exhaust measured by the
CEMS are presented graphically in Figure 3-2. The NOx inlet and outlet concentration is
shown as the daily maximum 15-minute average NOx concentration. The percentage
reduction in NOx concentration measured across the Cat Ox/SCR system by the portable
analyzer ranged from 76 to 98%. This NOx concentration removal rate is close to the
expected performance based upon the Cat Ox/SCR vendor guarantee of 82% NOx
removal. A review of the NOx concentration data over the period of the pilot study
indicates that the performance of the SCR is affected both by the ratio of digester to
natural gas used as fuel in the engine, and by the system’s responsiveness to engine
operating parameters, such as start-up and differing load conditions. The inability of the
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SCR system to meet the vendor guarantee may be due to periods of increased natural gas
flow in the fuel gas. This was to be expected because the urea injection system was
mapped for a primarily digester gas (greater than 95 percent) fuel blend. The control
system can only be set with one set of engine load to urea injection set points and is not
designed to change urea injection rates depending on the fuel blend. Johnson Matthey
has not designed a control system that can accommodate varying loads and fuel blends.
Therefore, during periods when the fuel is supplemented by natural gas, the NOx removal
efficiency is expected to be reduced. If the set points were adjusted for a natural gas fuel
usage, which is atypical, the system may over-inject urea potentially causing an ammonia
slip as discussed below.

3.3.3.1. NOx Concentrations Above Rule 1110.2 Limit

During the pilot testing period, the NOx outlet concentration occasionally spiked above
the future Rule 1110.2 limit of 11 ppmv. NOx concentrations are measured continuously
by the CEMS system and averaged in 15-minute blocks for compliance purposes. For the
purposes of this Report, each 15-minute block is defined as a “period”. A “high NOx
outlet event” is defined as one period or multiple periods in a short time span where the
NOx outlet concentration exceeds 11 ppmv. The NOx outlet concentration exceeded 11
ppmv for a total of 97 high NOx outlet events (940 periods out of 21,285 periods of
engine operating time) during the pilot test.

Many of the high NOx outlet events were removed from the data set when evaluating
performance of the SCR system. A majority of the spikes in NOx outlet concentration
correlated with high NOx outlet events when: 1) the engine had just come online, 2) there
was an increase in the percentage of natural gas in the engine fuel blend, 3) engine loads
exceeded the loads mapped during the initial urea injection rate programming, and 4)
operational adjustments of the Cat Ox/SCR system took place. Once excursions over 11
ppmv were screened for exempt or non-valid conditions such as engine start-up and non-
control system error, 181 15-minute periods out of 21,285 periods of operating time (less
than 0.9% of the total measurement periods during the pilot study) remained above 11
ppmv. The lowest NOx stack exhaust concentration met consistently under all valid
conditions was 16 ppmv. Table 3-11 presents a break-down of the number of high NOx
outlet events and periods when the NOx outlet concentration at the stack exhaust
exceeded 11 ppmv.

Exempt or Non-Valid Periods. A total of 7 high NOx outlet events (703 periods or
3.3% of the total engine operating period) were during times when operational issues and
system adjustments caused the NOx to exceed 11 ppmv. These events included urea
injection system adjustments by the system vendor, operation of the SCR system without
urea in the storage tank, modifications to the engine automation system, improper
operation of the SCR system, and clogging in the urea injection lance. These periods
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were removed from the stack exhaust NOx data set because they do not represent proper
operating conditions of the SCR system.

During the pilot testing period, 29 high NOx outlet events (56 periods or 0.3% of the total
engine operating time) were classified as occurring during engine start-up. Rule
1110.2(h)(10) allows for an exemption during engine start-up to allow for sufficient
operating temperatures to be reached for proper operation of the emission control
equipment. The start-up period is limited to 30 minutes unless a longer period is
approved for a specific engine by the Executive Officer and is made a condition of the
engine permit. Periods where NOx outlet concentrations exceeded 11 ppmv within 30
minutes of engine start-up were removed from the data set for evaluation of the SCR
system performance.

Validated Periods. A number of the remaining high NOx outlet events could be
attributed to periods during which the engine was operating with natural gas fuel or at a
load that exceeded the range that was originally mapped into the urea injection system.
The urea injection system was programmed assuming a fuel blend of 95% digester gas to
5% natural gas. An event was attributed to a rise in natural gas usage if the fuel blend
decreased to below 95% digester gas during the same period or during the period
immediately preceding the event. A total of 17 high NOx outlet events (43 periods or
0.2% of total engine operating time) occurred when the fuel blend decreased to below
95% digester gas. It was observed that the production of NOx at the engine exhaust
increased as the percentage of natural gas in the engine fuel increased. Therefore, as the
digester gas to natural gas fuel ratio decreased to below 95% digester gas (i.e., using
more natural gas in the fuel blend), the urea injection system would not inject a sufficient
quantity of urea to compensate for the additional NOx being produced and NOx outlet
concentration would increase.

A total of 22 high NOx outlet events (63 periods or 0.3% of the total engine operating
time) occurred when the engine load exceeded 100%. During the pilot testing period, the
urea injection rate setpoints were set for an engine load range of 0% to 100%. An event
was considered to be due to an increase in engine load if the engine load increased to
above 100% during the same period or during the period immediately preceding the
event. When the engine load exceeded 100% of design load for an extended period of
time, the urea injection rate was not able to adjust properly because the engine operation
surpassed the programming of the system.

There are 22 high NOx outlet events (75 periods or 0.4% of the total engine operating
time) that could not be attributed to operational issues/system adjustments, engine start-
up, increased natural gas fuel usage, or high engine load. The NOx outlet concentrations
during the majority of these periods typically ranged between 11 and 12 ppmv, with a
maximum of 16 ppmv.
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The maximum NOx concentration at the outlet was 16 ppmv after removing the non-
control system related exceedances, including operational issues/system adjustments and
engine start-up. The validated average, minimum, and maximum NOx outlet
concentrations recorded by the CEMS are presented in Table 3-12. The validated data set
includes the NOx outlet concentration data during increased natural gas fuel usage, high
engine load, and other high NOx outlet events not attributed to operational issues/system
adjustments, engine start-up, increased natural gas fuel usage, or high engine load.
Following the pilot test, the urea injection setpoints and biases may be increased to
account for increased NOx production due to increased natural gas in the fuel blend and
higher engine loads. Increasing the urea injection setpoints may also reduce the number
of other high NOx outlet events that fall just above the 11 ppmv NOx limit.

In April 2011, after the official pilot testing period concluded, a Johnson Matthey
technician adjusted the urea injection rate curve to 1) expand the curve to a maximum of
125% engine load and 2) to increase the urea injection rate at high engine loads. The
increase in urea injection rate should accommodate for the increased NOx production
when the engine incorporates more natural gas into the fuel blend. Further observation
will be required to confirm if these adjustments will lead to a reduction in the number of
periods where stack exhaust NOx outlet concentration exceeds 11 ppmv.

3.3.4. Ammonia Concentration

The SCR system reduces NOx through a chemical reaction between ammonia and NOX,
facilitated by a catalyst to form nitrogen and water vapor. Once urea is injected into the
engine exhaust stream, it breaks down into ammonia and other constituents. Hydrolysis
of the urea on the face of the catalyst generates more ammonia. While NOx reduction is
the goal of the SCR system through the consumption of the ammonia, injection of too
much urea can result in excess ammonia (total ammonia) at the SCR outlet in the form of
free ammonia (NH;3), and/or other ammonia-formed compounds. Parts of the total
ammonia can then participate in secondary reactions with other compounds in the exhaust
gas forming by-products, such as ammonium sulfates (combined ammonia). These
secondary ammonia by-products may have the undesirable potential to increase
maintenance requirements on the equipment downstream from the SCR, due to clogging
and particulate buildup. The remaining gaseous ammonia (free ammonia) that is emitted
at the stack exhaust is referred to as ammonia slip. SCAQMD regulated the amount of
ammonia slip in the Pilot Study Research Permit not to exceed 10 ppmv of free ammonia
at the stack exhaust.

Three methods were used for determining ammonia concentration:

B On-site field measurement of free ammonia using Draeger® or Sensidyne® tubes,
®  Modified SCAQMD Method 207.1 to measure free ammonia, and
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m Estimated total ammonia concentration (free plus combined ammonia) calculation
method using inlet and outlet NOx CEMS concentrations and the urea injection rate.

Free ammonia concentration data was collected during source testing at the stack exhaust
using modified SCAQMD Method 207.1, and also routinely monitored throughout the
pilot testing period using Draeger® tubes or Sensidyne® tubes at the SCR outlet. Both
tests provide concentration data for free ammonia. Total ammonia was also calculated
from the CEMS data based on the NOx inlet and outlet concentrations and the urea
injection rate. The limitations of this total ammonia calculation are discussed in detail in
a technical memorandum OCSD Cat Ox/SCR Pilot Study: Ammonia Sampling and
Calculation Methods (Malcolm Pirnie, May 2011) found in Appendix C-2. As with the
NOx data, the ammonia data presented in this section represents data collected during the
pilot testing in the period from June 8, 2010 through March 31, 2011, after the urea
injection rate set points were adjusted on June 8, 2010. Figure 3-3 presents the maximum
total ammonia estimate for each day of the pilot test between these dates using the
calculation method.

Over the course of the pilot testing period, the Draeger® tubes consistently measured free
ammonia concentrations at the stack exhaust below MDL. During the same time period
when the ammonia field measurements were taken, the calculated total ammonia
concentration using the 15-minute block averages reported by the CEMS had a value
ranging from 0 to 5 ppm of ammonia.

Estimated Total Ammonia Calculation. The calculation method for total ammonia is
dependent on the NOx inlet and NOx outlet concentrations and the urea injection rate,
which is continuously adjusting based on the engine load and the NOx outlet
concentration. The ammonia calculation equation is shown below, where CF can be
used as a correction factor to account for factors such as secondary reactions and
limitations of the urea injection system, and as a tool to adjust the calculation of total
ammonia to estimate free ammonia.

NH; = [Urea Fed — (NOx in — NOx out) /2] x CF

The CF was assumed to be equal to 1 in the present study. Throughout the pilot testing,
differences were observed between the free ammonia measured in the field and total
ammonia estimated using the calculation method. The calculation method assumes that
the ammonia/NOx reaction is the only reaction consuming the urea. There is the
potential for ammonia molecules to be consumed in other secondary reactions in the
exhaust stream, such as those with sulfur compounds. Sulfur dioxide (SO;) and sulfur
trioxide (SO;) can react with ammonia to produce ammonium sulfate (NH4HSO,4) and
ammonia bisulfate (ammonia hydrogen sulfate) ((NH4),SO4) which can precipitate out of
the exhaust gas at low temperatures (300-450°F) as ammonium salts (combined
ammonia). Ammonium salts have the potential to deposit on equipment downstream from
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the SCR catalyst, such as the heat recovery boiler, reducing their efficiency and
increasing maintenance requirements. Field measurements during the pilot test were only
performed for free ammonia which did not include ammonia compounds, such as the
ammonium salts. Low ammonia concentration Draeger® tube measurements combined
with the and high exhaust gas temperatures (~ 800°F) taken directly after the SCR
catalyst indicate that the potential for these secondary reactions is low.

Engine load fluctuates with time. When the IC engines are set to a base load, it was
observed that the actual engine load fluctuated rapidly by as much as ten percent below
the set point. This was found to be typical for the OCSD IC engines. However, since
urea injection rate is mapped to engine load, the rapid fluctuations in load can result in
rapid changes in urea injection rates. Rapidly changing urea injection rates, instead of
steady rates with smooth transitions, can cause inaccuracies in the ammonia calculation.

SCAQMD Sampling Using Compliance Methods. Free ammonia was measured at the
stack exhaust once during the initial source testing event from April 7-8, 2010, and once
after the pilot testing period on May 10, 2011. On both occasions, ammonia slip
concentrations at three engine loads measured by Modified SCAQMD Method 207.1
were found to be less than 0.5 ppmv. Neither the Draeger® tube nor Sensidyne® tube
free ammonia measurements at the SCR exhaust were above the MDL. However, the
total ammonia estimate based on the theoretical calculation using the CEMS data was
three to ten times higher than the measured value using the compliance method. Results
of these sampling events are compared in Table 3-13.

Further sampling of the exhaust emissions can be performed to establish a value for the
correction factor, CF, in the estimated total ammonia calculation method for the
calculation of free ammonia. If found, the presence of sulfur dioxide and sulfur trioxide
in the exhaust gas before the SCR, and ammonium sulfate and ammonia bisulfate, in the
exhaust gas after the SCR, can indicate secondary reactions taking place due to the
injection of urea. In addition, inspection of the heat recovery boiler during the next
scheduled maintenance may also indicate the presence of ammonium salts in the exhaust
gas. A correction factor can be applied to the estimated total ammonia calculation to
account for these secondary reactions, thus allowing for the estimation of free ammonia.
If ammonium salts are identified in the heat recovery boiler, adjustments to the urea
injection rates or additional maintenance of the heat recovery boiler may be required.

Compliance monitoring for free ammonia is more accurate when reflective of gaseous
ammonia emitted from the stack, while the estimated total ammonia calculation method
may reflect both free ammonia and ammonia by-products produced in the exhaust gas.
Although the pilot study data indicates that there is minimal, if any, free ammonia
(ammonia slip) due to the SCR system, it is recommended that the OCSD perform
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additional and routine testing for ammonia slip during varying loads and fuel blends over
a period of time.

3.4. Engine Performance

A significant amount of operational data was collected throughout the pilot test. The data
logger installed within the urea injection control cabinet collected additional data beyond
that collected by the CEMS. These data included the temperature at the catalytic oxidizer
inlet and outlet, and the SCR inlet and outlet and the differential pressure across the
catalytic oxidizer and SCR catalysts. The system urea injection and back pressure
performance proposed by Johnson Matthey is provided in Table 3-14. The data collected
by the data logger are summarized in Table 3-15 and were validated to remove periods
when the engine was offline. Periods when the engine was offline were identified as
those periods when the urea injection is offline, when the temperatures in the catalyst
housings cool and the NOx inlet concentration decreases to zero.

During the pilot test, there were no notable back pressure effects on engine performance
due to the installation of the Cat Ox/SCR system with a digester gas cleaning system.
The engine manufacturer’s allowable back pressure is 20 inches of water column (in.
wc.). The engineering design estimate of the maximum engine exhaust system back
pressure without the Cat Ox/SCR system was 11 in. we. Therefore, the available system
design back pressure for the Cat Ox/SCR system and additional exhaust ductwork was 9
in. we. Based on the data provided by the data logger in during the pilot test, the average
differential pressure through the catalytic oxidizer and SCR are approximately 0.3 and
1.0 in. wc., respectively. Therefore, it is concluded that the system does not negatively
affect engine performance.

The exhaust gas temperature reported through the catalytic oxidizer and SCR and the
urea injection rate indicate proper system performance. The average inlet and outlet
temperature through both catalysts is between 750°F and 800°F, which is in the proper
temperature range for ammonia to react in the SCR catalyst. The actual urea injection
rate of approximately 0.6 gallons per hour (gph) is also below the urea usage estimate of
1.1 gph proposed by Johnson Matthey.

The DGCS has had a positive effect on engine performance. The use of cleaned digester
gas at Plant 2 Engine 3 resulted in much less frequent maintenance requirements for the
engine, including longer time intervals between spark plug changes and major
maintenance events. OCSD Operations continues to use the DGCS from the 2007 pilot
study at Plant 2 Engine 3 after improvements in performance of the engine and
maintenance cost savings resulted from use of the DGCS. These savings are discussed
further in Section 4.
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3.5. Summary of System Results

The overall results of the pilot study are:

The maximum NOx concentration at the stack exhaust after the pilot study controls
was approximated 16 ppmv, and the average NOx concentration was approximately
7.2 ppmv, below the 11 ppmv required under amended Rule 1110.2. Further
adjustment of the urea injection rate was performed after the end of the pilot study,
and these new data will be evaluated further to determine if this urea injection rate
modification will eliminate excursions above 11 ppmv.

While there were some excursions above 11 ppmv, once these excursions were
screened for exempt conditions like start-up, and non-control system error, less than
0.9% of the total measurement periods during the pilot study, or 181 15-minute
periods out of 21,285 periods in total remained above 11 ppmv.

Using monitoring data for gaseous free ammonia collected using the SCAQMD
method and Draeger® tube method, the free ammonia concentration was below 0.5
ppmv and MDL over the pilot study, respectively.

Based on the calculation method for total ammonia, the maximum total ammonia
concentration during ammonia concentration sampling events was estimated to be
4.65 ppmv. It is believed that this is an overestimate due to limitations of the
calculation, such as not accounting for potential secondary ammonia reactions.
Despite this, the estimated total ammonia calculation method can be used as a tool to
prompt a field measurement to determine free ammonia (ammonia slip) with the
application of an appropriate correction factor, CF. Further evaluation needs to be
performed to develop a correction factor that will correlate the calculation method
and the measured values of free ammonia.

The percentage reduction in CO concentration measured across the Cat Ox/SCR
system by the portable analyzer ranges consistently exceeded a 96% reduction in CO
concentration from the engine exhaust.

The maximum CO concentration at the stack exhaust using the CEMS data was 42.2
ppmv, well below the amended Rule 1110.2 emission limit of 250 ppmv.

The catalytic oxidizer was found to result in removing approximately 96 % VOCs
from the engine exhaust.

The maximum VOC concentration at the stack exhaust was found to be 5.42 ppmv
using Method 25.3, and consistently well below the 30 ppmv in amended Rule
1110.2.
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m The DGCS system, in general, removed siloxanes from the digester gas to below
MDL levels and significantly reduced sulfur compounds and VOCs successfully
reducing catalyst masking which should lead to extended catalyst life.

m The DGCS system resulted in overall improvements in engine maintenance
requirements.

®m No back pressure concerns for the engine due to the additional equipment were
identified.
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Table 3-1:
Summary of Fixed Gases in Plant 1 Digester Gas
DGCS Inlet DGCS Ouitlet

Fixed Gas Min. Max. Avg. Min. Max. Avg.

(%) (%) (%) (%) (%) (%)

Carbon Dioxide (CO3) 25.5 40.1 33.9 231 37.2 32.8
Methane (CHa) 53.7 62.6 58.7 45.0 62.5 58.0
Nitrogen (N2) 0.9 5.1 2.2 1.1 1.9 15
Oxygen (Oy) 0.1 1.4 0.6 0.1 0.8 0.4
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Table 3-2:

Summary of Reduced Sulfides in Plant 1 Digester Gas
DGCS Inlet
Compound Min. Max. Avg.

(ppmv) (ppmv) (ppmv)
Hydrogen Sulfide 14.7 31.9 26.4
Carbonyl Sulfide 0.01 0.03 0.02
Methyl Mercaptan 0.05 0.08 0.06
Ethyl Mercaptan 0.2 0.3 0.3
Dimethyl Sulfide 0.006 0.02 0.01
Carbon Disulfide 0.004 0.009 0.006
n-Propyl Thiol 0.5 0.8 0.6
iso-Propyl Thiol 0.2 0.4 0.3
Dimethyl Disulfide ND ND ND
Isopropyl Mercaptan 0.3 0.3 0.3
n-Propyl Mercaptan 0.3 0.3 0.3

Note: 1) ND indicates non-detect.
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Table 3-3:
Summary of Speciated Siloxanes in Plant 1 Digester Gas
DGCS Inlet
Compound Min. Max. Avg.
(ppbv) (ppbv) (ppbv)
Hexamethyldisiloxane (L2) <MDL <MDL <MDL
Hexamethylcyclotrisiloxane (D3) 10 17 12
Octamethyltrisiloxane (L3) 10 19 14
Octamethylcyclotetrasiloxane (D4) 369 1,600 704
Decamethyltetrasiloxane (L4) 73 170 121
Decamethylcyclopentasiloxane (D5) 1,300 14,000 5,371
Total Siloxanes 919 15,700 5,452
Note: MDL is mean detection level.
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Table 3-4:
Summary of Speciated VOCs in Plant 1 Digester Gas
DGCS Inlet
Analyte Min. Max. Avg.
(ppbv) (ppbv) (ppbv)
Acetone 7.0 88.0 26.0
Benzene 7.3 15.7 10.7
Chlorobenzene 4.5 6.4 5.4
Cyclohexane 4.9 22.0 13.6
1,4-Dichlorobenzene 5.0 28.0 16.4
cis-1,2-Dichloroethene 17.2 103.0 41.4
trans-1,2-Dichloroethene 4.6 4.6 4.6
Ethyl Acetate 22.2 22.2 22.2
Ethylbenzene 37.0 141.0 74.2
4-Ethyltoluene 12.7 68.6 33.7
Freon 11 5.2 6.3 5.8
n-Heptane 57.8 122.0 84.2
Hexane 27.0 210.0 76.5
Methylene Chloride 5.2 14.0 8.9
Methyl Isobutyl Ketone (MIBK) 4.4 4.5 4.4
Propene 2,410 3,730 3,226
Styrene 4.2 24.7 10.7
Tetrachloroethene (PCE) 11.0 11.0 11.0
Tetrachloroethylene 6.0 26.3 135
Toluene 1,090 7,300 2,296
1,2,4-Trichlorobenzene 9.2 9.2 9.2
Trichloroethene (TCE) 9.6 28.0 15.8
Trichloroethylene 6.2 22.9 11.7
1,2,4-Trimethylbenzene 67.1 240.0 123.1
1,3,5-Trimethylbenzene 30.0 88.0 45.8
2,2,4-Trimethylpentane 27.0 66.0 52.0
m & p-Xylene 47.0 180.0 96.1
0-Xylene 20.0 64.0 36.3
Total VOCs 1,594 11,133 4,927
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Table 3-5:
Summary of Siloxane and H,S Sampling
A\[;proximate Total Siloxane HaS
Date of olume of SCAQMD 307-91 Draeger Tube
; Gas Treated
Sampling (million Inlet Outlet Inlet Outlet Inlet Outlet
cubic feet) | (ppmv) (ppmv) | (ppmv) | (ppmv) | (ppmv) | (ppmv)
3/16/2010 0.00 3.58 <MDL N/A N/A N/A N/A
4/7/2010 27.26 8.51 <MDL N/A N/A N/A N/A
4/21/2010 53.41 N/A N/A 25.70 ND 26 ND
4/29/2010 68.93 15.70 ND N/A N/A N/A N/A
5/11/2010 91.86 N/A N/A 31.70 0.263 31 ND
5/27/2010 122.58 2.67 0.015 N/A N/A N/A N/A
6/8/2010 144.70 N/A N/A 27.97 2.162 30 2
6/11/2010 146.46 8.49 0.248 N/A N/A N/A N/A
6/12/2010 | Carbon media changed.
6/22/2010 18.44 N/A N/A 21.62 ND 27 N/A
6/29/2010 32.70 8.69 N/A N/A N/A N/A N/A
7/7/2010 46.34 N/A N/A 28.57 ND 25 N/A
7/21/2010 68.89 N/A N/A 24.87 ND 25 N/A
8/3/2010 90.04 N/A N/A 27.45 ND 25 N/A
8/12/2010 106.00 N/A N/A 28.19 ND 26 N/A
8/12/2010 106.00 3.73 ND N/A N/A N/A N/A
9/1/2010 137.15 4.57 <MDL N/A N/A N/A N/A
9/1/2010 137.15 N/A N/A 14.69 ND 14 N/A
9/14/2010 162.45 N/A N/A 23.01 0.545 23 N/A
9/15/2010 164.63 4.35 <MDL N/A N/A N/A N/A
9/17/2010 168.63 N/A N/A N/A N/A N/A 25
9/20/2010 173.62 5.73 <MDL N/A N/A N/A N/A
9/21/2010 | Carbon media changed.
11/4/2010 43.40 5.23 N/A N/A N/A N/A N/A
1/12/2011 114.53 6.55 N/A N/A N/A N/A N/A
1/25/2011 137.78 N/A N/A 28.54 ND 27 N/A
2/9/2011 156.47 N/A N/A 31.87 1.755 30 N/A
2/9/2011 156.47 4.58 <MDL N/A N/A N/A N/A
2/14/2011 | Carbon media changed.
2/23/2011 17.72 N/A N/A 24.46 ND 25 N/A
2/24/2011 20.09 6.64 N/A N/A N/A N/A N/A
Notes: 1) All samples are taken using Tedlar® bags, except where otherwise noted as using Draeger® tubes for
2) :—riflgt and outlet sample results from 5/19/10 are not accurate due to an error in collection, indicated by high
nitrogen composition (>5%), and are not included in the minimum, maximum and average.
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3) Outlet sample results from 6/29/10 are not accurate due to an error in collection, indicated by high nitrogen
composition (>5%), and are not included in the minimum, maximum and average.

4) Inlet and outlet sample results from AcculLabs on 8/12/10 are not accurate due to an error in collection,
indicated by high nitrogen composition (>5%), and are not included in the minimum, maximum and
average.

5) Sample results from 8/19/10 are not consistent with sample results from other laboratories and are
concluded to be erroneous and not included in the minimum, maximum and average.

6) N/A indicates that the compound was not analyzed.

7) ND indicates non-detect.

8) <MDL indicates less than the Method Detection Limit.
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Table 3-6:
Plant 1 Engine 1 April 7-8, 2010 Testing using SCAQMD Compliance
Methods
Parameter Units Low Load Normal Load High Load A\Iiir;ge

KwW 1,598 2,303.5 2,515.8 2,139.1
Load

% 65 90 105 86.7
Volume Flow dscfm 5,662 8,423 9,244 7,776.3

NG scfm 14.2 19.7 20.8 18.2
Fuel Flow

DG scfm 470.7 635.3 688.8 598.3
Stack Exhaust
NOx ppm 6.5 4.7 8.5 6.6
CO ppm 7.3 4.9 49 5.7
TGNMNEO ppm N/A N/A 2.6 2.6
Formaldehyde ppm N/A N/A 0.434 N/A
Acetaldehyde ppm N/A N/A 0.023 N/A
Acrolein ppm N/A N/A < MDL N/A
Ammonia ppm 0.12 0.18 0.43 0.2
02 % 10.59 11.97 12.03 11.5
CO; % 8.56 7.55 7.69 7.9
Engine Exhaust
TGNMNEO ppm N/A N/A 25.86 N/A
Formaldehyde ppm N/A N/A 21.44 N/A
Acetaldehyde ppm N/A N/A 0.419 N/A
Acrolein ppm 0.18 0.18 < MDL N/A
Notes: 1) N/A indicates not applicable.

2) <MDL indicates less than the Method Detection Limit.
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Table 3-7:
SCAQMD Rule 1110.2 Year 2011 Permit Compliance Test Report
Parameter Units Low Load Normal Load High Load A\Ii((a)r;dge

Engine 1
Load KW 1,655 1,929 2,438 2,183.5

% 66 77 98 87.3
Volume Flow dscfm 6,194 7,406 9,124 8,265.0
NOx ppm 4.6 5.4 6.9 6.2
CO ppm 6.2 7.6 8.2 7.9
TGNMNEO ppm N/A 3.2 N/A N/A
PM gr/dscf N/A 0.0 N/A N/A
02 % 10.90 11.84 12.16 12.00
CO; % 8.59 7.83 7.52 7.68
Engine 2

KW 1,618 1,852 2,455 2,153.7
Load

% 65 74 98 86.2
Volume Flow dscfm 6,513 7,598 9,867 8,732.5
NOXx ppm 27.8 27.6 31.6 29.6
CO ppm 348.7 390.4 432.3 4114
TGNMNEO ppm N/A 97.2 N/A N/A
PM gr/dscf N/A 0.0010 N/A N/A
0, % 11.79 12.04 12.53 12.29
CO; % 7.80 7.60 7.16 7.38
Engine 3

KW 1,748 1,981 2,488 2,234.6
Load

% 70 79 100 89.4
Volume Flow dscfm 6,703 7,746 9,652 8,699.0
NOXx ppm 29.1 30.1 31.2 30.7
CO ppm 317.3 343.8 394.7 369.3
TGNMNEO ppm N/A 96.9 N/A N/A
PM gr/dscf N/A 0.0049 N/A N/A
0, % 11.68 12.01 12.49 12.25
CO; % 7.87 7.57 7.18
Notes: 1) N/A indicates not applicable
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Table 3-8:

Summary of CO Concentrations from Inlet and Outlet of Cat Ox/SCR

System

Catalytic Oxidizer
Inlet Concentration

SCR Outlet/Stack
Exhaust Concentration

Sampling Method (ppmvd)* (ppmvd)*
Min. Max. Avg. Min. Max. Avg.
Portable Analyzer® 367.5 598.7 451.6 <MDL 17.2 5.8
CEMS? N/A* N/A* N/A* 4.0 42.2 75

Notes: 1) Concentrations are presented in parts per million by volume dry (ppmvd) at 15% O,
2) CO concentrations by portable analyzer are measured routinely starting on April 7, 2010, after initial
mapping of the SCR system.

3) NOx and CO CEMS data is based on an average of the 15-minute average NOx and CO concentrations

for each calendar day. .

4) N/A: CEMS measures CO at the stack exhaust only; therefore, there is no CEMS data at the Cat Ox inlet.
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Table 3-9:

VOC Concentrations at Stack Exhaust

Date Stack Exhaust (ppmv)
4/7/2010 2.60
5/11/2010 0.73
8/12/2010 5.42
11/4/2010 4.21
2/24/2011 4.95
Average 3.58

Notes: All concentrations are adjusted to 15% O,.
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Table 3-10:
Summary of NOx Concentrations® at Inlet and Outlet of Cat Ox/SCR System
Catalytic Oxidizer Catalytic Oxidizer SCR Outlet/Stack NOXx
Sampling Inlet Concentration Outlet Concentration Exhaust Concentration | Reduction
Method (ppmvd) (ppmvd) (ppmvd) (%)
Min. Max. Avg. | Min. Max. Avg. | Min. Max. Avg. Avg.
SCAQMD
Method - - N/A N/A 6.6 N/A
100.1°
Portable = 1 379 | 435 [409 |364 |440 |401 |69 |102 |84 795
Analyzer
CEMS* 19.3 | 647 |307 — |os8 159 | 7.2 77
Notes: 1) Concentrations are presented in parts per million by volume dry (ppmvd) at 15% O,.
2) Method 100.1 measurements by SCEC were performed at the stack exhaust only.
3) NOx concentrations by portable analyzer are measured routinely starting on April 7, 2010, after initial
mapping of the SCR system.
4) NOx and CO CEMS data is based on an average of the 15-minute average NOx and CO concentrations
for each calendar day. CEMS data was not collected at the Cat Ox outlet.
5) N/Aindicates not applicable.
Orange County Sanitation District
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Table 3-11:
Count of Periods and Events with NOx Concentration Above 11 ppmvd
Number of 15-minute periods when NOx Total High
stack exhaust concentration NOx Outlet % of Total Operating Time®
exceeded 11 ppmvd Events®

e e ar w |

Engine start-up (30 minutes)® 56 29 0.3
Total Non-Valid 759 36 3.6

Increase in NG Fuel Composition 43 17 0.2

High Load (>100%) 63 22 0.3

Other 75 22 0.4
Total Valid 181 61 0.9
Total 940 97 4.5

Notes: 1) Operational issues occurred 7/1/10-7/4/10, 12/29/10-1/4/11, 3/14/11, 3/17/11, and 3/22/11.
2) NOx at the stack exhaust exceeded 11 due to system adjustments to the urea injection system.
3) The first 30 minutes after start-up of the engine are exempt from amended Rule 1110.2. Data was excluded
where NOXx at the stack exhaust exceeded 11 ppmvd during engine start-up.
4) An “event” is defined as one or more consecutive 15-minute periods or periods in close succession where
the NOx outlet concentration exceeded 11 ppmvd.
5) The total engine operating time is 21,285 15-minute periods (approximately 5,321 hours).
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Table 3-12:
Summary of All vs. Validated NOx Inlet and Outlet Concentrations
. All Validated
NOx Engine NOx Stack | NOx Stack
Parameter Exhaust
(ppmvd) Exhaust Exhaust
(ppmvd) (ppmvd)
Average 30.68 7.53 7.16
Minimum 10.72 0.80 0.80
Maximum 64.70 45.23 15.88
Number NOx Stack Exhaust Periods > N/A 940 181
11 ppmvd
Percentage of 15-minute periods > 11 N/A 4.4% 0.9%
ppmvd
Notes: 1) Concentrations are presented in parts per million by volume dry (ppmvd) at 15% O,.
2) NOx CEMS data is based on the 15-minute average NOx concentrations from June 8, 2010 through March
31, 2011.
3) N/Aindicates not applicable
- Orange County Sanitation District
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Table 3-13:
Ammonia Concentration Sampling Event Summary
Free NH3 Total NH3 Free NH3
Date Engine Load Field ) Calculatzed SCAQMD
(%) Measurement Value Method 207.1
(ppmv) (ppmv) (ppmv)
41712010 65 0.12
& 90 <MDL 1.66 0.18
4/8/2010 105 0.43
4/21/2010 110 <MDL 0.09 N/A
4/29/2010 90 <MDL 0.00 N/A
5/6/2010 94 <MDL 2.18 N/A
5/19/2010 100 <MDL 2.54 N/A
6/29/2010 100 <MDL 0.97 N/A
7/28/2010 100 <MDL 0.63 N/A
8/12/2010 95 <MDL 2.50 N/A
11/4/2010 100 <MDL 4.95 N/A
1/12/2011 100 <MDL 0.32 N/A
2/24/2011 100 <MDL 0.09 N/A
70 1.12 0.37
5/10/2011 90 <MDL 1.60 0.31
110 3.12 0.38

Notes: 1)
Draeger® tubes.

Free ammonia field measurements are taken using MDL to 2.5-3 ppm range and 2 to 30 ppm range

2) Total ammonia was determined based on the theoretical calculation which uses NOx inlet and NOx outlet
of the catalytic oxidizer/ SCR system and the urea injection rate. The calculated value reported is based
on the 15-minute block averages from the CEMS for the time period when the exhaust gas sample was
taken for the field measurement. No correction factor was applied.

3) <MDL: below Method Detection Limit.

4) N/Aindicates not applicable. No data was taken using Method 207.1 during these field measurement

events.
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Table 3-14:

Catalytic Oxidizer /SCR System Performance Proposal

Urea usage estimate (32.5% urea solution) @ 80% NOXx
reduction

1.1 gallons/hour

Estimated pressure drop across catalytic oxidizer using a

4040 arrangement with one layer of standard depth (~ 3.5”) 0.7 in. wc.
catalyst elements @ 200 CPSI = A

Estimated pressure drop across SCR converter using a 1.4 in. wc.
4040 arrangement with two layers of standard depth (~ 3.5")

catalyst elements @ 200 CPSI =B

Estimated pressure drop across 12 foot long mixing duct 1.9in. wc.
with one static mixer installed = C

Total system pressure loss estimate (includes loss through 4.0in. wc.
oxidation converter, SCR converter, expansion joint, and

mixing duct) using 4040 oxidation catalyst and two layers of

4040 SCR catalyst (A + B + C)

Estimated pressure drop across one additional layer (~ 3.5”) 0.7 in. wc.
of either catalytic oxidizer or SCR elements that are 200

CPSI

Additional system pressure drop loss estimate if an 0.4 in. wc.
additional layer (~ 3.5”) of 100 CPSI catalyst in the 4040

housing is employed

Additional system pressure drop loss estimate if an 0.3 in. wc.

additional layer (~ 2”) of 200 CPSI catalyst in the 4040
housing is employed

Notes: Estimates provided by Johnson Matthey in their system proposal, dated May 8, 2009.
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Table 3-15:
Catalytic Oxidizer /SCR System Performance Data
Unit Average Value

Urea Injection Rate gallon per hour 0.62
Catalytic Oxidizer Inlet Temperature °F 781
Catalytic Oxidizer Outlet Temperature °F 779
Catalytic Oxidizer Differential Pressure in. wc. 0.3
SCR Inlet Temperature °F 796
SCR Outlet Temperature °F 756
SCR Differential Pressure in. wc. 1.0

Notes: 1) Estimates are provided by the data logger located inside of the urea injection cabinet for the period of April
1, 2010 through November 4, 2010 and January 1, 2011 through February 24, 2011.

2) The data have been validated to remove periods where the engine was offline, as indicated when urea
injection is offline, temperatures in the catalysts cool and NOx inlet value drop.
LNl £ ARCADIS Sﬂg? gis(t:iﬂ;ng Esr?lri]sltseilgﬁnc?)lnsttrrcl;l:tSystem Plant 1 Engine 1 @ 3-29
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Figure 3-1: Catalytic Oxidizer Inlet and Outlet CO Concentration
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Notes: 1) The first 30 minutes after start-up of the engine are exempt from amended Rule 1110.2. Data was excluded where NOXx at the stack exhaust exceeded 11 ppmvd
during engine start-up.
2) CEMS values shown are maximum values for each calendar day and may not all occur at the same time as the portable analyzer measurement.
3) Spikes where inlet and outlet NOx concentrations drop to 0 ppmv occur when the engine is offline.
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Figure 3-2: Selective Catalytic Reduction Inlet and Outlet NOx Concentration
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Notes: 1) The first 30 minutes after start-up of the engine are exempt from amended Rule 1110.2. Data was excluded where NOx at the stack exhaust exceeded 11 ppmvd
during engine start-up.
2) Data was excluded where NOx at the stack exhaust exceeded 11 due to system adjustments to the urea injection system.
3) Data was excluded where operational issues occurred from 7/1/10-7/4/10, 12/29/10-1/4/11, 3/14/11, 3/17/11, and 3/22/11.
4) Values shown are maximum values for each calendar day and may not all occur at the same time within the day.
5) Spikes where inlet and outlet NOx concentrations drop to 0 ppmv occur when the engine is offline.
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Figure 3-3: Selective Catalytic Reduction Estimated Total Ammonia Concentration

w
o
|

N
(&
|
|

N
o
|
\

[uny
(2}
|
|

[y
o

w
|

Ammonia Concentration Estimate @ 15% 02 (ppmv)

Calculated Total Ammonia Concentration Daily Maximum ——Free Ammonia (Ammonia Slip) Limit

Notes: 1) The first 30 minutes after start-up of the engine are exempt from amended Rule 1110.2. Data were excluded where NOXx at the stack exhaust exceeded 11 ppmvd

during engine start-up.

2) Data were excluded where the SCR system was offline due to system adjustments to the urea injection system.

3) Data were excluded where operational issues occurred from 7/1/10-7/4/10, 12/29/10-1/4/11, 3/14/11, 3/17/11, and 3/22/11.

4) Values shown are maximum 15-minute values for each calendar day.

5) Spikes where inlet and outlet ammonia concentrations drop to 0 ppmv occur when the engine is offline.

6) Ammonia concentration values reported on July 20, 2010 and July 26, 2010 occurred within one hour of an engine shutdown or startup and were not part of the 30-
minute exemption from amended Rule 1110.2.
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4. Cost Effectiveness Analysis

A cost analysis for the implementation of the DGCS and Cat Ox/SCR systems at Plant 1
Engine 1 was performed. The cost analysis was developed for one digester gas cleaning
vessel, with an approximate capacity of 9,900 lbs of carbon media and associated piping,
and one Cat Ox/SCR system with platform installation.

4.1. Capital and Operation & Maintenance Costs

The capital project budget includes the following construction costs: equipment;
installation; mechanical; structural; electrical; site/architectural; instrumentation; and
material sales tax; as well as the construction contractor’s expenses, such as contractor
overhead, profit, mobilization, bonding, and insurance. For capital cost the following
assumptions apply:

®m  The construction cost subtotal is time dated for June 2009 and based on the pilot test
construction contract price, including change orders.

®  The equipment cost is time dated for June 2009 and based on the pilot test costs of the
following equipment: one Cat Ox/SCR system with urea injection control cabinet for
Plant 1 Engine 1; one digester gas cleaning vessel with inlet, outlet, and bypass piping
sized to treat 100 percent of the digester gas for the Plant 1 cogeneration facility; one
NOx probe and umbilical sample line from the Engine 1 exhaust to the CEMS panel
in the control room; and seven expansion joints for the engine exhaust ductwork.

®  Project design and engineering is assumed to be 15% of the total construction and
equipment cost.

® The annualized total capital project budget is based on a 20-year evaluation period
and 4.0 percent annualized rate, as set forth in the SCAQMD July 9, 2010 Board
Meeting Minutes, Attachment B: Assessment of Available Technology for Control of
NOx, CO and VOC Emissions from Biogas-Fueled Engines — Interim Report.

Annual O&M costs associated with operating the digester gas cleaning system and Cat
Ox/SCR system includes the following components:

®  Annual additional electrical cost;

®  Annual carbon media replacement costs;

®  Oxidation and SCR catalyst replacement costs;

®  Annual urea usage costs;

®  Annual equipment maintenance costs;

®  Periodic siloxane, VOC, and H;S testing;

- Orange County Sanitation District
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®  The reduction in O&M costs due to the use of clean digester gas was considered.
Such reduction in O&M costs includes a reduction in frequency of major maintenance
interval service and maintenance shutdowns related to siloxane compounds present in
the digester gas.

®m  The reduction in annual emissions fees for NOx, VOC, CO, and formaldehyde based
on the estimated emissions reductions realized from the engine exhaust control
system was considered.

The assumptions related to the O&M costs are the following:

®  Annual operating hours of a single engine at Plant 1 is estimated to be 6,000 hours.

®m  The change-out of the carbon media for the digester gas cleaning system is estimated
to be approximately $40,000 per change-out. The change-out frequency with three
engines operating at Plant 1 at 6,000 annual operating hours is approximately three
(3) times per year. The total annual cost of carbon media for three engines at 6,000
annual operating hours is $120,000 per year. Therefore, the cost for carbon media for
a single engine is approximately $40,000 per year.

®m The replacement of the sixteen catalytic oxidizer media blocks and thirty-two SCR
catalyst media blocks is estimated to take place once every three years for each
engine. Although the Cat Ox/SCR system demonstrated performance for one year
during the pilot testing period, it is assumed that the media will perform for three
years based on the vendor warranty of 16,000 operating hours. Assuming that each
engine operates for 6,000 hour per year, the engine should reach 16,000 operating
hours in 2 years and 8 months. The costs of each catalytic oxidizer media block and
SCR catalyst media block are $3,450 and $1,850, respectively.

m  Urea cost is assumed to equal $4.50 per gallon, including tax, at an average rate of 0.7
gallons per hour for 6,000 annual operating hours.

®m  Equipment maintenance and testing is assumed to equal $5,000 per year for annual
maintenance of the SCR urea injection system, $5,400 per year for siloxane testing
($600 per sample, 3 samples per change out, and 3 change outs per year), and $3,000
per year for VOC and H,S sampling.

®  Annual reduced engine maintenance cost using cleaned digester gas, assumed to
equal $130,641 for three engines operating at 6,000 hours annually. Therefore, the
approximate savings per engine is approximately $43,547 per year as estimated by
OCSD. Currently, the three engines at Plant 1 are consuming all of the digester gas
produced by the facility. Therefore, although the annual cost of maintenance is
decreased, the total operating time of each engine will remain the same.

m Calculation of emissions reductions for NOx, VOC, and CO is provided in Scenario 2
in Section 4.2 below. Scenario 2 assumed that the uncontrolled NOx, VOC, and CO
emissions were based on the results from the 2011 Annual Compliance Test for
Engines 2 and 3. The controlled emissions were based on the Rule 1110.2 limits of
11 ppmv for NOx and 30 ppmv for VOCs, and the pilot testing results of 15 ppmv for
CO. Fees per ton of NOx, VOC, and CO are assumed to be $270.26, $576.75, and
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$3.57, respectively, based on the Annual Emission Report provided by the OCSD
dated February 23, 2011.

®  The uncontrolled emissions of formaldehyde were based on the results of the 2009
Annual Compliance Test for Engine 3 of 1.4 lb/hr. The controlled emissions of
formaldehyde were based on the results of the 2011 Annual Compliance Test for
Engine 1 of 0.069 Ib/hr. It is assumed that the annual operating hours of a single
engine at Plant 1 is 6,000 hours. Therefore, formaldehyde emissions reduction is 4.13
tons per year. The fee per ton of formaldehyde is assumed to be $800.00 based on the
Annual Emission Report provided by the OCSD dated February 23, 2011.

B Annual O&M costs do not include the cost of ammonia sampling because it is
assumed that ammonia sampling is part of the annual compliance test. The estimated
ammonia sampling cost is $2,500 for one sampling event per year using SCAQMD
Method 207.1. The annual cost of weekly ammonia testing using Draeger® tubes or
similar colorimetric tubes is assumed to equal $300.

The capital cost and annual O&M costs for a single engine is presented in Table 4-1.

4.2. Unitized Cost of Carbon Media and Emissions Reduction

The cost of implementation of the DGCS and Cat Ox/SCR systems can be unitized as a
cost per cubic foot of digester gas treated or as a cost per ton of NOx and VOC reduced
in the emissions. The following summarizes these metrics for evaluating costs.

4.2.1. Cost for Volume of Digester Gas Treated

A metric for evaluating the cost of the DGCS is the cost per cubic foot of digester gas
treated. This metric is based on the frequency of the carbon media change-out as well as
the cost per change-out. The digester gas volume that passed through the catalyst during
the pilot test ranged from 146 MMcf to 169 MMcf. The cost of each carbon media
change-out is assumed to be approximately $40,000. Therefore, the cost per treated
digester gas ranges between $237/MMcf and $274/MMcf. The capacity of the digester
gas cleaning vessel is 9,900 pounds of carbon media. Therefore the media per volume of
treated digester gas ranges between 59 Ibs/MMcf and 68 1bs/MMcf. Note that these are
conservative estimates. The pilot test only utilized a single digester gas cleaning vessel
as opposed to a lead/lag configuration in which two vessels, a lead vessel followed by a
second lag vessel, are used. Therefore, the carbon media was replaced more frequently
than necessary to prevent potential breakthrough of siloxane compounds that may foul
the catalyst. In a lead/lag configuration, the volume of gas treated between change-outs
can be extended since breakthrough can be allowed to occur in the lead vessel because
any siloxane compounds would be removed in the lag vessel.

4.2.2. Costfor Reductions in NOx and VOCs, and CO Emissions

A metric for evaluating the cost effectiveness of the Cat Ox/SCR system is cost per ton of
NOx, VOC, and CO removed by the system. Based on the total annualized cost per
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engine, two scenarios for estimating NOx, VOC, and CO emissions reduced were
developed. The following are the assumed uncontrolled and controlled concentrations for
the two scenarios:

Scenario 1

®  Uncontrolled concentrations are based on the current permit limits of 45 ppmv of
NOx, 209 ppmv of VOCs, and 2,000 ppmv of CO, each at 15% O,.

®  Controlled emissions are based on the future Rule 1110.2 limits of 11 ppmv of NOx
and 30 ppmv of VOCs, each at 15% O,. Controlled emissions for CO are based on 15
ppmv because the Cat Ox/SCR system consistently reduced CO emissions well below
the Rule 1110.2 limit of 250 ppmv. The concentration of 15 ppmv provides a factor
of safety of 2 over the average CO concentration of 7.5 ppmv. The factor of safety
gives credit for projected emissions reduction, but allows for reduced efficiency as
the catalyst approaches the end of its lifecycle, prior to replacement.

Scenario 2

®  Uncontrolled concentrations from the 2011 Annual Source Test Report are 31 ppmv
of NOx, 97 ppmv of VOCs, and 371 ppmv of CO at 15% O, for Plant 1 (Engines 2
and 3).

®  Controlled emissions are based on the future Rule 1110.2 limits of 11 ppmv of NOx
and 30 ppmv of VOCs, each at 15% O,. Controlled emissions for CO are based on
15 ppmv because the Cat Ox/SCR system consistently reduced CO emissions well
below the Rule 1110.2 limit of 250 ppmv. The concentration of 15 ppmv provides a
factor of safety of 2 over the average CO concentration of 7.5 ppmv. The factor of
safety gives credit for projected emissions reduction, but allows for reduced
efficiency as the catalyst approaches the end of its lifecycle, prior to replacement.

The assumptions used for each scenario were:

®  Annual operating hours of a single engine at Plant 1 is estimated to be 6,000 hours;
m  Exhaust flowrates are based on high load; and

m  VOCs emissions are calculated as methane.

Table 4-2 provides a summary of the cost effectiveness for the two scenarios for one
engine at Plant 1. The cost effectiveness in terms of dollars per ton of NOx and VOCs
reduced for Scenarios 1 and 2 was $7,987 and $17,585, respectively. The cost
effectiveness in terms of dollars per ton of CO reduced for Scenarios 1 and 2 was $363
and $3,546, respectively. Note that the cost effectiveness for CO is conservative since
the annualized cost is based on the entire system including the SCR and urea injection
system.
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Section 4

Cost Effectiveness Analysis

Table 4-1:

Estimated Capital and O&M Costs for Plant 1 Engine 1

7

Annual O&M Cost for 1 Engine (operating 6,000 hrs/yr)®

Capital Cost Plant 1 Engine 1*
Equipment (Cat Ox/SCR, DGCV, CEMS, Expansion Joints) $708,000
Labor and Contractor Cost”
Bonding/Insurance $21,272
Mobilization $56,748
Prime Contractor Labor and Construction
(i.e. concrete & rebar, piping, fittings, valves, installation &
start-up, management, etc.) $765,723
Steel Subcontractor
(i.e. structural steel, miscellaneous metal, handrail, grating) $249,941
Insulation Subcontractor $82,879
Electrical Subcontractor
(i.e. wiring, conduit, grounding, etc.) $76,311
Painting Subcontractor $28,655
Labor and Contractor Cost Subtotal
(including contractor markups for overhead, profit, mobilization,
bonding, insurance) $1,281,529
Construction Subtotal (June 2009 dollars) $1,989,529
Project Design and Engineering (15% of construction subtotal) $298,429
Total Capital Cost $2,287,958
Annualized Capital Cost (4 % annual rate, 20 years) $168,352

Plant 1 Engine 1

Carbon Media Replacement $40,000
Catalyst Replacement $38,133
Urea Cost $18,900
Electrical Cost $1,200
Equipment Maintenance and Testing $13,400
Reduced Engine Maintenance $(43,547)
Reduced Emission Fees $(9,136)
Annual O&M Cost per Engine $58,950
Total Annual Capital and O&M Cost for 1 Engine Plant 1 Engine 1

Total Annualized Cost per Engine $227,302

Notes: 1) Engine Size: 2,500 kW/3,471 bhp
2)  Subcontractor costs include a 10% prime contractor markup.
3) Assumptions for the basis of O&M costs is provided in Section 4.1.
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Section 4
Cost Effectiveness Analysis

Table 4-2:

Cost per Ton NOx and VOC Emissions Reduced at Plant 1 Engine 1

Capital Cost Plant 1 Engine 1

Annualized Capital Cost (4 % annual rate, 20 years) $168,352
Annual O&M Cost per Engine™? $58,950
Total Annualized Cost per Engine $227,302

Scenario 1

Plant 1 Engine 1

Scenario 2

Uncontrolled NOx — Current Permit Limit (ppmv) 45
Controlled NOx — Future Rule 1110.2 Limit (ppmv) 11
Uncontrolled VOC — Current Permit Limit (ppmv) 209
Controlled VOC — Future Rule 1110.2 Limit (ppmv) 30
Uncontrolled CO — Current Permit Limit (ppmv) 2,000
Controlled CO (ppmv)* 15
NOx Reduction (ton/yr) 10.05
VOC Reduction (ton/yr) 18.41
CO Reduction (ton/yr) 357.21
Cost Effectiveness ($/ton of NOx and VOC reduced) $7,987
Cost Effectiveness ($/ton of CO reduced) $636

Plant 1 Engine 1

Uncontrolled NOx — 2011 Source Testing Data (ppmv)

31

Controlled NOx — Future Rule 1110.2 Limit (ppmv) 11
Uncontrolled VOC (ppmv) 97
Controlled VOC — Future Rule 1110.2 Limit (ppmv) 30
Uncontrolled CO — 2011 Source Testing Data (ppmv) 371
Controlled CO (ppmv)* 15
NOx Reduction (ton/yr) 6.03
VOC Reduction (ton/yr) 6.89
CO Reduction (ton/yr) 64.10
Cost Effectiveness ($/ton of NOx and VOC reduced)” $17,585
Cost Effectiveness ($/ton of CO reduced)* $3,546

Notes: 1) Engine Size: 2,500 kW/3,471 bhp
2) Annual Operating Hours: 6,000 hours/year

3) Controlled emissions for CO are based on 15 ppmv because the Cat Ox/SCR system consistently reduced

CO emissions well below the Rule 1110.2 limit of 250 ppmv. The concentration of 15 ppmv provides a

factor of safety of 2 over the average CO concentration of 7.5 ppmv.

4) Cost effectiveness of NOx and VOC reduced and CO reduced are calculated separately. The cost
effectiveness of NOx and VOC is equal to the annualized cost per engine divided by the sum of NOx and
VOC tons per year reduced. The cost effectiveness of CO is equal to the annualized cost per engine
divided by the CO tons per year reduced and does not take NOx or VOC reduction into consideration.

Orange County Sanitation District
MALCOLM -
(Nl | £2 ARCADIS Pilot Testing of Emission Control System Plant 1 Engine 1
L Final Report July 2011




5. Conclusions and Recommendations

In order to evaluate if the amended Rule 1110.2 limits could be met for their digester gas-
fired IC engines, OCSD proposed to perform a pilot study on Engine 1 at Plant 1. In
previous studies, OCSD had identified a catalytic oxidizer and SCR system along with a
DGCS as the most feasible technology to lower air toxic emissions and to meet the new
lower emissions limits. Because SCAQMD recognized that the emission limits in the
new Rule 1110.2 were “technology-forcing,” they provided a grant to OCSD to support
the pilot study at Plant 1 Engine 1 as part of a Rule 1110.2 technology assessment study
to determine if cost-effective and commercial technologies are available to comply with
the new lower emission limits. The 12-month pilot study at Plant 1 evaluated the
effectiveness of the control systems to meet Rule 1110.2 limits.

5.1. System Performance

The DGCS system, in general, removed siloxanes from the digester gas to below MDL
levels and significantly reduced sulfur compounds and VOCs successfully reducing
catalyst masking which should lead to extended catalyst life. Additional benefits of the
contaminant removal were significant improvements in engine maintenance
requirements, and lower O&M costs. The use of cleaned digester gas resulted in much
less frequent maintenance requirements for the engine, including longer time intervals
between spark plug changes and major maintenance events.

There were no notable back pressure effects on engine performance due to the installation
of the Cat Ox/SCR system with a DGCS during the pilot test. The system design back
pressure for the Cat Ox/SCR system and additional exhaust ductwork was estimated to
not exceed 9 in. wc. per the engine manufacturer’s recommendations. Based on the data
monitored during the pilot test, the average differential pressure through the catalytic
oxidizer and SCR systems are approximately 0.3 and 1.0 in. wc, respectively.

The combined Cat Ox/SCR system with digester gas cleaning evaluated in the pilot study
resulted in significant reductions in CO, VOC, and NOx emissions from the digester gas
fired IC engine at Plant 1 providing substantial air quality benefits from this system. In
addition, NOx and CO, along with VOCs (as NMNEOCs) are considered indirect
greenhouse gases, affecting tropospheric ozone and methane levels.

5.2. Comparison to Rule 1110.2 Limits and Other Criteria

®m The average NOx concentration at the stack exhaust after the pilot study Cat Ox/SCR
system was approximately 7 ppmv, below the 11 ppmv under amended Rule 1110.2.
The lowest NOx stack exhaust concentration met consistently under all valid
conditions was 16 ppmv. While there were some periods when the NOx stack exhaust
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concentration was above 11 ppmv; after screening these periods to eliminate unusual
operational events or start-up conditions, 181 periods out of 21,285 total operating
periods (approximately 5,321 hours) remained as valid periods where the NOx stack
exhaust concentration was above the new Rule 1110.2 limit. These periods occurred
during 61 separate events and accounted for less than 0.9% of the total measurement
periods during the pilot study.

®  Free ammonia (ammonia slip), the result of excess urea injection in the SCR system,
was below 0.5 ppmv using SCAQMD compliance sampling methods and below the
MDL using Draeger® tubes over the course of the pilot study. The total ammonia
calculation method, unlike the measurement methods for free ammonia, did predict
low levels of total ammonia. It was noted that the total ammonia calculation method
estimates did not include the use of a project-specific correction factor, CF, which
could be used to account for secondary reactions that would consume ammonia, thus
bringing the total ammonia calculation method estimates more in line with the
measurements of free ammonia.

® The maximum CO concentration at the stack exhaust (42.2 ppmv) was well below the
amended Rule 1110.2 emission limit of 250 ppmv.

®  The maximum VOC concentration at the stack exhaust (4.95 ppmv) was consistently
well below the 30 ppmv in amended Rule 1110.2.

Therefore, with the exception of a relatively limited number of periods when the NOx
stack exhaust concentration was above the new amended Rule 1110.2 limit, the combined
Cat Ox/SCR system equipped with a DGCS was able to meet the new emission limits.

5.3. Cost Effectiveness

The total capital costs to design, procure, and install a digester gas cleaning vessel to
clean all the digester gas to the Plant 1 engines, and a Cat Ox/SCR system with auxiliary
equipment for Engine 1 is estimated to be $2,300,000. The annual O&M cost for these
systems at Plant 1 is approximately $59,000. Assuming a 20-year lifespan, the total
annualized cost (capital cost plus O&M) for the DGCS and Cat Ox/SCR systems for
Plant 1 Engine 1 is $227,000.

The cost effectiveness analysis (based on dollars per ton of NOx, VOC and CO emissions
reduced) was developed for two scenarios: Scenario 1 assumed that the uncontrolled
emissions were based on permit limits (i.e., 45 ppmv, 209 ppmv, and 2,000 ppmv,
respectively), and Scenario 2 assumed that the uncontrolled emissions were based on the
results from the 2011 Annual Compliance Test for Engines 2 and 3. Both scenarios
assumed that the controlled emissions were based on the Rule 1110.2 limits of 11 ppmv
for NOx, 30 ppmv for VOCs, and the pilot testing results of 15 ppmv for CO. Under
these assumptions, the cost effectiveness estimates for Scenarios 1 and 2 are $7,987 and
$17,585, respectively, per ton of NOx plus VOCs reduced. The cost effectiveness
estimates for Scenarios 1 and 2 are $636 and $3,546, respectively, per ton of CO reduced.
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Note that the cost effectiveness for CO is conservative since the annualized cost is based
on the entire system including the SCR and urea injection system. The annualized cost
and emissions reduced calculations were based on operating each engine for a maximum
of 6,000 hours per year.

5.4. Recommendations

SCR systems similar to the Johnson Matthey system used in the present pilot study are
commercially available and have successfully demonstrated NOx control for single fuels,
such as natural gas. = However, based on previous source testing data, the NOx
concentration is higher for natural gas than digester gas at a given load; therefore, there is
a potential for variations in NOx concentration at the inlet to the SCR system at a given
load due to the varying fuel blend in biogas-fueled engines. Since the urea injection rate
can only be established based on engine load and not inlet NOx concentration, it is
difficult to maintain a targeted NOx limit at the stack exhaust using this type of SCR
system.

NOx concentrations in the stack exhaust were above the amended Rule 1110.2 NOx limit
of 11 ppmv for a small number of sampling periods during the pilot study. These periods
where the NOx stack exhaust concentration was over 11 ppmv may indicate that this limit
is too conservative, especially for biogas-fueled and dual-fueled engines where a steady
SCR control efficiency is difficult to maintain. Recommendations regarding the new
amended Rule 1110.2 NOx limit of 11 ppmv are as follows:

1. Given the variations in the engine load and urea injection rate mapping requirements
for the digester gas-fired IC engine, using the 15-minute block average for
compliance with the NOx emission limit may also be too restrictive, and a longer
averaging time may be more appropriate for biogas-fired engines. Alternatively,
allowing a limited number of excursions above the 11 ppmv for biogas-fueled
engines, for example, 5% of the total annual continuous (i.e., 15-minute averaging
periods) NOx data, to account for the difficulty in accurately mapping the urea
injection rate to control NOx outlet concentration, may also be warranted.

2. In April 2011, after the official pilot testing period concluded, a Johnson Matthey
technician adjusted the urea injection rate curve to 1) expand the curve to a maximum
of 125% engine load and 2) to increase the urea injection rate at high engine loads.
The increase in urea injection rate should accommodate for the increased NOx
production when the engine combusts a fuel blend with a higher percentage of natural
gas. Further observation will be required to confirm if these adjustments will lead to
a reduction in the number of periods where stack exhaust NOx outlet concentration is
above 11 ppmv.
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Further sampling of the exhaust emissions can be performed to establish a correction
factor for the estimated total ammonia calculation method and to confirm that the SCR
system does not produce measureable free ammonia. Recommendations regarding the
estimated total ammonia calculation method are as follows:

3. The presence of sulfur dioxide and sulfur trioxide in the exhaust gas before the SCR,
and ammonium sulfate and ammonia bisulfate in the exhaust gas after the SCR, can
indicate secondary reactions between the ammonia and sulfur compounds in the
exhaust gases taking place due to the injection of urea. The correction factor, CF, can
be used in the estimated total ammonia calculation method to account for these
reactions, thus improving this calculation for estimating free ammonia.

4. Although the pilot study data indicates that there is minimal, if any, free ammonia due
to the SCR system, it is recommended that the OCSD perform additional and routine
testing for free ammonia during varying loads and fuel blends over a period of time to
accumulate data corroborating that the SCR system does not produce measurable free
ammonia under all operating conditions for a given mapped urea injection versus
engine load set point.
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APPENDIX A-1:

SCAQMD Permit to Construct/Operate
for an Experimental Research Project



South Coast

e Air Quality Management District

m 21865 Copley Drive, Diamond Bar, CA 91765-4178

(909) 396-2000 - www.aqmd.gov

October 15, 2009
A/N 497717

ORANGE COUNTY SANITATION DISTRICT
10844 Ellis Avenue
Fountain Valley, CA 92708

Attention: Mike D. Moore

Manager - Environmental Compliance & Regulatory Affairs

Gentlemen:

PERMIT TO CONSTRUCT / OPERATE
FOR AN EXPERIMENTAL RESEARCH PROJECT

The system described below is granted a Permit to Construct and Operate (Application Number 497717) as allowed by and
under the conditions set forth by Rule 441 of the Rules and Regulations of the South Coast Air Quality Management District
and is subject to the special conditions listed.

EQUIPMENT DESCRIPTION:

DIGESTER GAS FUEL PRETREATMENT, POST-COMBUSTION CATALYTIC OXIDATION AND SELECTIVE
CATALYTIC REDUCTION SYSTEMS FOR ENGINE NO. 1 (PO G2957), CONSISTING OF;

1.

DIGESTER GAS (DG) CLEANING VESSEL, 7.5’ DIA. X 8’ H., CONTAINING MINIMUM OF 9,500 LBS OF
GRANULAR ACTIVATED CARBON MEDIA, WITH ASSOCIATED DIGESTER GAS SUPPLY AND
RETURN LINES, VALVES, TEMPERATURE, DIFFERENTIAL PRESSURE DROP GAUGES, AND
CONDENSATE DRIP TRAP.

CATALYTIC OXIDIZER (CATOX), JOHNSON MATTHEY INC., HOUSING MODEL NO. 4040-30-36-4, 200
CPSI OXIDATION CATALYST, ALUMINUM SUBSTRATE WITH OTHER METALS, 8’ L. X0’ -4"W.X 8§
H., WITH ONE LAYER OF MODULE, 18.67 CUBIC FOOT TOTAL VOLUME, AND WITH ASSOCIATED
AUTOMATIC TEMPERATURE AND PRESSURE MONITORING DEVICES AND CONTROLS.

SELECTIVE CATALYTIC REDUCTION (SCR) CATALYST, JOHNSON MATTHEY INC., HOUSING MODEL
NO. 4040-36-4, ALUMINUM SUBSTRATE WITH OTHER METALS,, 8’ L. X 0’ - 4” W. X 8’ H., WITH TWO
LAYERS OF MODULE, 37.33 CUBIC FOOT TOTAL VOLUME, AND WITH ASSOCIATED AUTOMATIC
TEMPERATURE AND PRESSURE MONITORING DEVICES, AND CONTROL SYSTEMS WITH EXISTING
CONTINUOUS EMISSIONS MONITORING SYSTEM (CEMS).

STORAGE TANK, AQUEOUS UREA SOLUTION (32.5%), 1000 GALLON CAPACITY, WITH ASSOCIATED
PIPING, PUMP, FLOW CONTROL VALVES, UREA INJECTION LANCE, COMPRESSED AIR SUPPLY, AND
WITH ASSOCIATED AUTOMATIC CONTROLS.

TO BE LOCATED AT: ORANGE COUNTY SANITATION DISTRICT (OCSD)

WASTEWATER TREATMENT PLANT NO. 1
10844 ELLIS AVENUE
FOUNTAIN VALLEY, CA 92708



Mike D. Moore October 15, 2009
OCSD, Plant No. 1

Rule 441-Research Permit

A/N 497717
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Conditions:

1.

10.

11.

12.

OPERATION OF THIS EQUIPMENT SHALL BE CONDUCTED IN COMPLIANCE WITH ALL DATA AND
SPECIFICATIONS SUBMITTED WITH THE APPLICATION UNDER WHICH THIS PERMIT IS ISSUED,
UNLESS OTHERWISE NOTED BELOW.

THIS EQUIPMENT SHALL BE PROPERLY MAINTAINED AND KEPT IN GOOD OPERATING CONDITION
AT ALL TIMES.

THIS EQUIPMENT SHALL BE OPERATED BY PERSONNEL PROPERLY TRAINED IN ITS OPERATION.
THIS EXPERIMENTAL RESEARCH PERMIT SHALL EXPIRE ON OCTOBER 31, 2010.

SAMPLES SHALL BE COLLECTED FROM THE INLET AND THE OUTLET OF THE DIGESTER FUEL GAS
CLEANING (DFGC) SYSTEM AND ANALYZED FOR TOTAL SILICON, SILOXANE AND SILOXANE
COMPOUNDS, AND TOTAL SULFUR COMPOUNDS AS H2S, USING DISTRICT OR OTHER APPROVED
METHODS. RESULTS SHALL BE RECORDED.

WHENEVER THE DFGC SYSTEM IS IN OPERATION, THE FUEL GAS FLOW RATE (SCFM) AND TOTAL
VOLUME (CUBIC FEET) PROCESSED EACH DAY SHALL BE RECORDED.

WHEN CATALYTIC OXIDIZER IS IN OPERATION, THE OXIDIZER’S INLET AND OUTLET
TEMPERATURE AND PRESSURE DROP READINGS SHALL BE RECORDED ONCE A SHIFT.

WHEN CATALYTIC OXIDIZER IS IN OPERATION, THE CATALYTIC OXIDIZER’S INLET AND OUTLET
CO AND VOC CONCENTRATIONS (PPMV) SHALL BE MONITORED, USING A PORTABLE ANALYZER
AND AQMD APPROVED TEST METHODS. READINGS SHALL BE RECORDED AT START-UP AND AT
LEAST ON A WEEKLY BASIS.

WHEN CATALYTIC OXIDIZER IS IN OPERATION, INLET AND OUTLET SAMPLES SHALL BE
COLLECTED AND SPECIATED ANALYSIS SHALL BE CONDUCTED FOR TOTAL VOCs (PPMYV),
INCLUDING BUT NOT LIMITED TO, FOR FORMALDEHYDE AND OTHER TOXIC COMPOUNDS
PRESENT (PPMV) USING DISTRICT OR OTHER APPROVED METHODS.

WHEN SELECTIVE CATALYTIC REDUCTION (SCR) SYSTEM IS IN OPERATION, THE INLET AND
OUTLET TEMPERATURE AND PRESSURE DROP READINGS SHALL BE RECORDED ONCE A SHIFT.

EXCEPT DURING STARTUP, THE OPERATOR SHALL MAINTAIN THE TEMPERATURE AT THE INLET
TO THE CATALYST BEDS BETWEEN 600 AND 850 DEG. F.

THE OPERATOR SHALL INSTALL AND MAINTAIN A UREA FLOW RATE MEASURING SYSTEM TO
ACCURATELY INDICATE THE UREA INJECTION RATE TO THE SELECTIVE CATALYTIC
REDUCTION SYSTEM.
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13.

14.

15.

16.

THE OPERATOR SHALL CONTINUOUSLY ANALYZE THE UREA INJECTION RATE, AND THE SCR
INLET AND OUTLET NOX EMISSION RATE TO ESTIMATE THE AMMONIA CONCENTRATION IN THE
SCR OUTLET, BASED ON ONE HOUR AVERAGE.

WITHIN 90 DAYS OF COMPLETION OF THE RESEARCH EXPERIMENTS, THE ORANGE COUNTY
SANITATION DISTRICT SHALL SUBMIT TO AQMD A COMPLETE REPORT WITH EQUIPMENT
OPERATING PARAMETERS AND EMISSIONS RESULTS TO;

ATTENTION: GAURANG RAWAL, REFINERY AND WASTE MANAGEMENT PERMITTING,

21865 COPLEY DRIVE, DIAMOND BAR, CA 91765. THE SUBMITTAL SHALL INCLUDE A COPY OF
THIS PERMIT.

EMISSIONS FROM THIS EQUIPMENT, AVERAGED OVER 15 MINUTES, CORRECTED TO 15% O2 ON
A DRY BASIS, SHALL NOT EXCEED THE FOLLOWING;

POLLUTANT PPMVD

60) 590
NO, 45
vOC 209
NH; <10
PM10 0.0087 GRAINS/DSCF

ALL RECORDS SHALL BE KEPT AND MAINTAINED FOR A PERIOD OF AT LEAST TWO YEARS AND
SHALL BE MADE AVAILABLE TO AQMD PERSONNEL UPON REQUEST.

It is your responsibility to comply with all laws, ordinances and regulations of other government agencies, which are
applicable to this equipment.

If you have any questions, please call Mr. Gaurang Rawal at (909) 396-2543.

Yours truly,

Charles Tupac, P.E.
A.Q.A.C. Supervisor
Refinery and Waste Management Permitting

CDT: GCR

CC:

Mohan Nagavedu, AQMD
A/N 497717 folder
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Project Background

The Orange County Sanitation District (OCSD) requested pilot testing of a catalytic
oxidizer/selective catalytic reduction (Cat Ox/SCR) system for controlling air toxics and
priority pollutants from the Central Generation Systems (CGS) engines to meet February
2008 South Coast Air Quality Management District (SCAQMD) amendments to Rule
1110.2. The amendments to Rule 1110.2 included changes to the existing limits of 36
ppm to 11 ppm of oxides of nitrogen (NOXx), 250 ppm to 30 ppm of volatile organic
compounds (VOCs), and 2000 to 250 ppm of carbon monoxide (CO) at 15% O,. The Cat
Ox/SCR system reduces NOx, CO and VOC (i.e., formaldehyde, acrolein, etc.) emissions
from 1C engine exhaust.

The pilot testing project took place at Plant No. 1 on Engine No. 1 and included the
installation of a Cat Ox/SCR system on the engine exhaust. This technology has been
proven effective for controlling NOx, CO, and VOCs from combustion units burning
natural gas. However, fouling or rapid performance degradation of the catalytic oxidizers
has been an issue for engines burning digester gas. Typically, digester gas fuel contains
contaminants such as volatile methyl-siloxanes and sulfurous compounds that tend to foul
the catalytic oxidizers. Therefore, Malcolm Pirnie proposed a scope of work for a pilot
test to verify the performance of the Cat Ox/SCR system with a digester gas cleaning
system (DGCS). Based on the pilot testing performed at Plant No. 2 Engine No. 3 in
2007, the DGCS proved successful in removing contaminants such as siloxanes and
hydrogen sulfide from the digester gas such that the catalyst performance is comparable
to that of an internal combustion (IC) engine operating on natural gas.

Identification of Digester Gas Sampling Methods

The purpose of the digester gas cleaning system is to remove siloxanes and any potential
contaminants, such as hydrogen sulfides in the digester gas, that can potentially foul or
reduce the performance of the Cat Ox/SCR system. There are two sampling methods that
are commonly used for measuring siloxanes: gas chromatography-mass spectrometry
(GC/MS) or wet chemistry method. Digester gas analyzed using GC/MS can be collected
using either Tedlar® bags or SUMMA canisters. The wet chemistry method requires
samples to be collected using methanol impingers over a two to four hour sampling
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period, and then sent to a lab for analysis.  After discussions with several certified
laboratories, and review of several published papers, samples collected using Tedlar®,
SUMMA canister or methanol impingers each has advantages and disadvantages based
on the speciated siloxanes in the digester gas. However, collection of the samples using
Tedlar® bags provides the most flexibility for minimum sampling time and equipment
required.

As part of the Monitoring Test Procedure, the initial performance testing of the gas
cleaning system collected samples using Tedlar® bags, SUMMA canister and methanol
impinger methods at the digester gas inlet location during the same day and compared the
analytical results to determine the most appropriate method for monitoring media
breakthrough. The initial performance testing was performed by Malcolm Pirnie, except
where noted. The following information was collected for the digester gas cleaning
system test:

. Tedlar® bag collection at the DGCS inlet — Malcolm Pirnie collected and sent
samples to a certified laboratory to test for speciated siloxanes, speciated VOCs
using TO-15, total reduced sulfide using TO-15 and overall gas components and
quality (%CHy, %CO,, %N,, heating value) using EPA Method 3C.

o SUMMA canister collection at the DGCS inlet — Malcolm Pirnie collected and
sent samples to a certified laboratory to test for speciated siloxanes, speciated
VOCs using TO-15, total reduced sulfide using ASTM D-5504, and overall gas
components and quality (%CHj, %CO,, %N,, heating value) using ASTM D-
1946.

. Wet chemistry method at the DGCS inlet — Engine 1 was operated for five hours
at actual operating conditions with the digester gas cleaning system for
performance testing. The performance test was performed for a continuous period
of at least five hours (1 hour for stabilization and 4 hours for testing). During the
test, individual measurements of inlet total siloxane, D4, D5, hexamethyl-
disiloxane, octamethyltrisiloxane and any other siloxane compounds identifiable
according to the test method was monitored and recorded.

Information obtained from the initial performance testing was used to select the most
appropriate sampling method for the determining breakthrough and change-out.

Summary of Results

On March 16, 2010, digester gas was collected at the Plant 1 DGCS using the three
sampling methods described above. Table 1 shows a summary of sampling results.



OCSD Cat Ox/SCR Pilot Study July 13, 2011

Comparison of Digester Gas Sampling Method Page 3 of 3
Table 1

Summary Comparison of Sampling Methods

Total
OCSD Plant 1 Siloxane

(ppbV)

Tedlar® — Inlet 3,584

SUMMA Canister — Inlet 546

Methanol Impinger — Inlet 1,457

Selection of the Sampling Method

The primary focus of the digester gas testing is to analyze for siloxane compounds.

These compounds are most likely to foul the catalytic oxidizer catalyst. Of the three
testing methods, the Tedlar® bag method resulted in the highest concentration of
siloxanes. Siloxanes can be lost if a sample degrades. It is believed that the Tedlar® bag
method provides a conservative estimate of siloxanes in the gas sample. The Tedlar®
bag method also requires the least set-up and sampling time as well as the least
equipment required. Although these were not the main criteria for selecting the sampling
methods, they are benefits to using this method. When breakthrough of the carbon media
IS suspected, it is important to take a gas sample quickly to minimize potential fouling of
the catalyst or downtime of the engine.

Based on the data presented above, the Tedlar® bag collection method was selected.
Tedlar® bags provided the highest reported concentration of siloxanes and also provided
the flexibility to test for VOCs and sulfurous compounds.

Conclusion

On March 16, 2010, digester gas was sampled at the inlet of the Plant 1 DGCS using
three different methods: Tedlar® bags, SUMMA canisters, and methanol impingers. The
gas samples collected using Tedlar® bags and SUMMA canisters were analyzed using
GC/MS and the gas sample collected using methanol impingers was analyzed using the
wet chemistry method. As shown in the summary of the results in Table 1, the Tedlar®
bag sampling method detected the highest level of total siloxane. In addition, the
Tedlar® bag sampling method provides the most flexibility of what compounds could be
tested for and the minimum sampling time and equipment required. Based on these
criteria, the Tedlar® bag method was chosen as the sampling method for future digester
gas sampling.
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Project Background

To meet the South Coast Air Quality Management District (SCAQMD) Rule 1110.2 limit
for oxides of nitrogen (NOXx), the Orange County Sanitation District (OCSD) installed a
selective catalytic reduction (SCR) system with urea injection was installed in the internal
combustion (IC) engine exhaust duct after a catalytic oxidizer (Cat Ox) (both systems
supplied by Johnson Matthey) on Engine 1 at Plant 1. Under Amended Rule 1110.2,
NOx exhaust levels have a lower limit of 11 ppmv for biogas-fueled engines effective
July 30, 2011. The SCR system was designed to remove NOx through a chemical
reaction between the NOXx in the engine exhaust and ammonia (provided by urea spray
injected into the exhaust gas stream upstream of the SCR) on the surface of the SCR
catalyst. The urea injection rate is selected (“mapped”) based on engine load and outlet
NOXx concentration (related to the blend of digester gas and natural gas supplement used
by the engines at Plant 1). This memorandum outlines the methodology developed to
control the urea injection rate.

SCR Urea Control System

The function of the SCR control system is to balance urea injection rate to reduce NOx
exhaust concentration without emitting excess ammonia in the post-control exhaust gas.
The excess ammonia that passes through the SCR catalyst unreacted is, known as
“ammonia slip.” Ammonia slip occurs when too much ammonia, or in this case urea, is
injected into the exhaust stream, when the temperature of the gas is too low for the
ammonia to react, or when the catalyst is degraded. The Research Permit for the pilot
study has a maximum allowable ammonia slip of 10 ppm at the stack exhaust. In
addition to the unwanted emissions of ammonia from the stack exhaust, excess ammonia
in the system can potentially cause damage to the heat recovery boiler and other
equipment downstream from the SCR catalyst.

The control system determines the correct rate of urea injection according to the engine
load signal, and this urea injection rate versus engine load map is programmed into the
control system. The load map during the pilot testing period included 16 set points, and
was programmed during commissioning by the system vendor, Johnson Matthey. This
controller was able to interpolate between the tested load values to generate an overall
curve of urea injection rate versus engine load. Thus, as the engine is brought to a load,
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and as the engine load changes, the urea flow rate is adjusted by a flow control valve
based on the monitored engine load.

In addition to the load map control, the injection system also uses a system of bias set
points to more finely control, or “trim”, the urea injection rate. The “NOX curve bias” is
a percentage that can be input by the operator to increase or decrease the urea injection
rate. This bias is typically set to 0%, but can be modified if engine operation is expected
to change the NOx produced in the exhaust emissions. “NOx-add bias” increases the
urea injection rate setting (in terms of gallon per hour, gph) based on the NOx outlet
concentration recorded by the stack exhaust CEMS analyzer. When the NOx outlet
concentration reaches the level set by the control system, the urea injection rate will
increase by the selected bias set point. Conversely, “NOXx-subtract bias” decreases the
urea injection rate in the same manner based on the NOx outlet concentration.

As the engine ran under varying loads during the load mapping procedure, Johnson
Matthey measured NOx with a portable chemiluminescent analyzer, and ammonia slip
with Draeger® tubes at the SCR catalyst outlet. The purpose of this was to develop a
urea injection versus engine load map that met NOx and ammonia slip emissions
requirements.

The initial load mapping performed by Johnson Matthey on April 1, 2010 is provided
below in Table 1 and in Figure 1. The solid line in Figure 1 represents the set points for
urea injection based on engine load. The dashed line represents the urea injection rate
with the upper NOx-add bias that increases urea injection based on the NOx outlet
emissions. Note that the bias is set for a lower and upper value of NOx outlet
concentration. In the case of the April 1, 2010 set points, when the NOx outlet
concentration reached the NOx lower add bias concentration (8 ppm), urea injection
would increase by an additional 0.50 gph. If the NOx outlet concentration continued to
increase and reached the NOx upper add bias concentration (10 ppm), the urea injection
would increase by an additional 0.90 ppm).

For the pilot testing period, a NOx-subtract bias was not set. A NOx-subtract bias would
be used if the OCSD desired to keep the NOx outlet concentration above a threshold
level. This could be set if there was a concern that urea would be over injected at low
NOXx outlet concentrations, causing ammonia slip issues. In the case of the pilot test,
there was no desired lower NOx limit and no observed ammonia slip issues.
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Table 1:

SCR Urea Injection Set Points at Commissioning (April 1, 2010)

Set Point Engine Load (%) Urea Injection Rate (gph)
1 0 0.00
2 10 0.27
3 20 0.28
4 30 0.29
5 40 0.30
6 50 0.31
7 60 0.32
8 70 0.36
9 80 0.38
10 90 0.40
11 95 0.45
12 100 0.48
13 105 0.57
14 110 0.58
15 115 0.60
16 120 0.80
NOx Bias Set Point NOx Outlet Concentration (ppmv) Bias (gph)
NOx curve bias - 0%
NOx lower add bias 8 0.50
NOx upper add bias 10 0.90
NOx lower subtract bias 0 0.00
NOXx upper subtract bias 0 0.00
Figure 1:
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Urea Injection Set Point Adjustments During the Pilot Testing

During the pilot testing, Johnson Matthey made adjustments to the urea injection set
points to refine control of the NOx emissions. On May 13, 2010, the urea injection NOx-
add bias set points were decreased. The original NOx-add biases increased the urea
injection rates by 0.50 and 0.90 gph when the NOx outlet concentrations hit 8 and 10
ppmv, respectively. Based on these set points, when the NOx outlet concentration
reached the level set for the NOx-add bias, it was found that the system injected too much
urea, so that the NOXx outlet concentration was lowered too quickly, resulting in rapid
fluctuations in the NOx outlet concentration. Therefore, the lower and upper NOx-add
bias set points were set to 0.05 and 0.09 gph when the NOXx outlet concentration reached
5 and 7 ppmv, respectively. With lower NOx-add bias set points, the maximum amount
of urea injected (urea injection rate plus NO lower and upper add bias) was decreased.
Therefore, the risk of not injecting enough urea to compensate for the NOx outlet
concentration was increased. As a precautionary measure, the urea injection rate versus
engine load set points were also increased slightly.

On June 8, 2010, the urea injection set points were readjusted. At the request of OCSD,
the urea injection rate versus engine load set points were decreased to reduce possible
ammonia slip resulting from over-injection of urea. This was a potential concern because
the Plant 1 Engine 1 operates primarily on a greater than 95% digester gas to natural gas
fuel ratio. The original set points were set higher to allow for a higher percentage of
natural gas in the fuel, which in turn creates a higher NOx concentration in the engine
exhaust. One additional set point was added at an engine load of 85% to further refine
the engine load range. The set points programmed into the SCR control system on June
8, 2010 ran for the remaining pilot testing period through the end of March 2011. The
effectiveness of these set points is discussed in the pilot testing report. A summary of the
urea injection rate set points through the pilot testing period is provided in Table 2 and
Figure 2.
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Table 2:
SCR Urea Injection Set Points During the Pilot Testing
Commissioning 4/1/2010 5/13/2010 6/8/2010
Logd/L_Jrea . Urea . Urea . Urea
Injectlgn Englnoe Load Injection Englnoe Load Injection Englnoe Load Injection
Set Point ) (gph) ) (gph) ) (gph)
1 0 0.00 0 0.00 0 0.00
2 10 0.27 10 0.30 10 0.30
3 20 0.28 20 0.32 20 0.31
4 30 0.29 30 0.34 30 0.32
5 40 0.30 40 0.35 40 0.33
6 50 0.31 50 0.38 50 0.34
7 60 0.32 60 0.40 60 0.35
8 70 0.36 70 0.45 70 0.36
9 80 0.38 80 0.55 80 0.37
10 90 0.40 90 0.65 85 0.38
11 95 0.45 95 0.68 90 0.45
12 100 0.48 100 0.72 95 0.48
13 105 0.57 105 0.74 100 0.53
14 110 0.58 110 0.75 105 0.54
15 115 0.60 115 0.77 110 0.55
16 120 0.80 120 0.80 115 0.60
17 - - - - 120 0.60
NOX Bias NOXx Outlgt Bias NOXx Outlgt Bias NOx Outlgt Bias
Set Point Concentration (gph) Concentration (gph) Concentration (gph)
(Ppmv) (Ppmv) (Ppmv)
NOX curve bias - 0% - 0% - 0%
NOx lower add
bias 8 0.50 5 0.05 5 0.05
NOXx upper add
bias 10 0.90 7 0.09 7 0.09
NOX lower
subtract bias 0 0.00 0 0.00 0 0.00
NOXx upper
subtract bias 0 0.00 0 0.00 0 0.00
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Figure 2:
SCR Urea Injection Curve During Pilot Testing
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Limitations of the Urea Injection Mapping

Based on previous source testing data, the NOx concentration in the exhaust gas is higher
when combusting natural gas than when combusting digester gas at a given load;
therefore, there is a potential for variation in the NOx concentration at the inlet to the
SCR system at a given load due to the varying fuel blend in biogas-fueled engines. Since
the urea injection rate can only be established based on engine load and outlet NOx
concentration, and not inlet NOx concentration, it is difficult to maintain a targeted NOXx
limit at the stack exhaust using this type of SCR system for fuel blend engines..

Conclusions and Recommendations

The urea injection set points were originally set during system commissioning on April 1,
2010 and were later readjusted on May 13, 2010 to refine NOx reduction in the engine
exhaust gas. The urea injection set points were readjusted for a final time during the pilot
test on June 8, 2010 for analysis of the SCR system.

Attachment:
Johnson Matthey Commissioning Report, June 1, 2010
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The SCR and Oxidation catalyst system at the Orange County Sanitation District is designed to control
NOx, hydrocarbon, and CO emissions from a Cooper Model LSVB-12-SGC engine. The required
reduction rates are shown in Table 1: Emissions Data (ppmVD @ 15% O,). The reduction rates are
guaranteed based on a 15 min average value per South Coast AQMD rule 1110.2.

Table 1: Emissions Data (ppmVD @ 15% O5)

Exhaust Component Catalyst Inlet Catalyst Outlet Reduction
(max) (max)” Guaranteed
NOx 50 ppm 9 ppm 82.0%
YOC 120 ppm 25 ppm 79.2%
cO 800 ppm 100 ppm 87 .5%
HCHO 60 ppm 9 ppm 85.0%
Ammonia Slip 10 ppm

The SCR system is designed to accommodate changes in the fuel usage of the LSVB-12-SGC engine.
The fuel blend can range from 100% natural gas with 0% digester gas to 5% natural gas with 95%
digester gas. Four engine load conditions were used for commissioning purposes to determine the
necessary urea injection rates. The engine load values chosen were 60%, 80%, 100%, and 110% as this
range includes the normal operating conditions of the engine. In addition to varying the engine load, the
fuel ratio of natural gas to digester gas was set to one of three conditions to determine the necessary urea
injection rates. The fuel ratio testing conditions starting with the most common include 5% natural gas
with 95% digester gas, 50% natural gas with 50% digester gas, and 100% natural gas with 0% digester
gas. Emission testing was performed for all of the resulting 12 conditions and recorded in Table 2:
Emission Testing Results. The results show that the system successfully reduced CO and NOx emissions
below the permit conditions while maintaining an NH3 slip of below 10 ppm.

Table 2: Emission Testing Results

Gas ocsD JM & DL Valve Urea CEMS Ecom NH3 CEMS Ecom Ecom JM JM
Engine Temp

Ratio Engine Load % % Flow NOX NOX Slip co co Temp Temp

Load % gph Corr Corr Corr Corr Post Pre Post

sP 15% 15% 15% 15% SCR SCR SCR
1 50/50 110 100 63 0.63 6.7 8 0.5 8.8 6.9 746 755 756
2 50/50 100 95 63 0.63 6.7 8 0.5 10 8 759 762 773
3 50/50 80 725 58 0.4 3.8 6 0.2 9.4 7 775 800 786
4 50/50 60 59.1 57 0.34 4.4 4 0.1 8.9 7 761 820 796

5 700ng/0d 10 98.1 69 0.91 45 7 0 10.9 9 737 752 754

6 100ng/0d 100 92 67 0.76 4.5 6 0 11.4 9 749 757 761
7 100ng/0d 80 737 62 0.54 34 5 0 1.7 10 766 781 782
8 100ng/0d 60 58.1 58 0.38 36 5 0 9.9 8 755 807 784
9 5ng/95d 110 98.8 63 0.58 5.6 5 0 9.7 6 758 756 762
10 5ng/95d 100 95.5 63 0.57 3.1 4 0.1 8.6 7 779 776 787
11 5ng/95d 80 72.2 58 0.38 3.7 5 0 9.1 8 791 811 812
12 5ng/95d 60 60 55 0.33 1.2 1 0.1 9 8 783 830 815




A urea injection map was created based on the results of the testing outlined in Table 2. The urea
injection map serves as the base or default urea injection rate at the corresponding engine load, see Table
3 — Load Map. To compensate for changing NOx concentrations due to fuel ratio fluctuations a bias
value is added to or subtracted from the base urea set point. If the NOx concentration at the system outlet
climbs to 7 ppm or higher an additional 0.05 gph of urea is injected to bring the NOx levels down. If the
NOx concentration at the system outlet continues to rise to 9 ppm or higher an additional 0.09 gph of urea
will be injected via the additional bias. The resulting amount of urea will be injected upstream of the
SCR catalyst to properly control NOx across all fuel ratios.

Table 3: LLoad Map / Base Urea Set points and Bias

Engine Urea Set Initial High Additional Initial Low Additional
Load % point Bias High Bias Bias Low Bias
(gal/min) 7 ppm NOx 9 ppm NOx x ppm NOx | x ppm NOx
(gal/min) (gal/min) (gal/min) (gal/min)

0 0 +0.05 +0.09 0 0

10 0.30 +0.05 +0.09 0 0

20 0.31 +0.05 +0.09 0 0

30 0.32 +0.05 +0.09 0 0

40 0.33 +0.05 +0.09 0 0

50 0.34 +0.05 +0.09 0 0

60 0.35 +0.05 +0.09 0 0

70 0.36 +0.05 +0.09 0 0

80 0.37 +0.05 +0.09 0 0

90 0.45 +0.05 +0.09 0 0

95 0.48 +0.05 +0.09 0 0
100 0.53 +0.05 +0.09 0 0
105 0.54 +0.05 +0.09 0 0
110 0.55 +0.05 +0.09 0 0
115 0.60 +0.05 +0.09 0 0
120 0.60 +0.05 +0.09 0 0

The load map urea set points were determined based on the most common operating condition, which is a
high concentration of digester gas (approximately 95% digester gas and 5% natural gas). It was
determined during testing that adding natural gas to the fuel blend increased the NOx concentration in the
exhaust stream. For this reason, the baseline urea set points coincide with the 95% digester gas and 5%
natural gas fuel ratio condition which is the most common and requires the least amount of urea injection.
The low bias was disabled for this application because the base urea set points correspond to the
minimum urea flow requirements.

Some of the challenges of this control system include the 80 second delay between the time the exhaust
gas concentrations change the moment the corresponding NOx concentration signal is received from the
CEMS. This lagging indication of NOx concentration, which is used by the control system to determine



if additional urea should be injected via the bias, causes an oscillation in the injection rate when the
engine is running at high natural gas concentrations. At the lower and more common natural gas
concentrations the system is more stable. These oscillations alone are not enough to bring the system out
of compliance because the performance is based on a 15 minute average. The system is capable of being
tuned to have an acceptable 15 minute average performance over all operating conditions. The second
challenge is the fluctuation of the engine load signal. The engine load signal fluctuates very rapidly (a
couple times per second) in a range of plus or minus 10%. The urea injection cabinet uses this signal to
control the base urea injection set point. This engine load signal fluctuation causes an inherent fluctuation
in the base urea injection rate although it is dampened somewhat by a PID loop.

The following is a table including all SCR system set points at the time of commissioning, see Table 4:
System Set points. These set points are for informational purposes and should not be changed without the

approval of Johnson Matthey.

Table 4: System Set Points

Component Description

JM P&ID Initiates
Urea Heat Control system: Reference | Set Point|Purge Description
Control SP TT-0301 40*F No Urea heater activates 5 DegF below this setpoint and de-activates 5 DegF above this setpoint
Temp Low SP TT-0301 30*F No Alarms if this temperature is met indicating Urea heater circuit failure
System Time Delays:
Air/Water Purge Time Delay SV-0103 15 sec. No Timer for water purge prior to standard air purge
Engine Time Delay CP-1001 100 sec. No Times out any alarms upon startup until system is fully operational
Kick-Start Timer CV-0501 45 sec. No Opens Control Valve CV-0501 to 100% upon injection to fill feed line
Purge Time Delay FS-1501 45 sec. No Timer to initiate redundant pump
Heater SP Time Delay TT-0301 NA No Time delay to initiate urea heater
Fill Rate Time Delay NA NA No Time delay to initiate transfer pump
Flow Alarm Time Delay FT-0401 4.5sec. Yes Time delay to initiate low flow alarm
System Operation:
Air Pressure Main PR-0602 100 psig No System air pressure main
Air Pressure Switch SP PS-1601 30 psig Yes System purge and alarms when air pressure drops below this setpoint
Air Pressure to Injection Module |PR-0603 30 psig No Injection Module operational pressure
Cat Pre-Temp High AL TT-0302 900F No Alarms if this temperature is met
Injection Temp SP TT-0302 600F No Turns on injection at 10 DegF above this sp and turns off 10 Degf below this setpoint
Load/Urea SP CP-1001 Startup No Load to Urea setpoint set during startup
Low Load SP ELS-1901 10% Yes Urea will not be injected below this load
Load Deadband ELS-1901 0% Yes Urea pump activates 5% above low load setpoint and de-activates 5% below setpoint
Low Tank Level LT-1201 10% Yes _ |Alarms below this setpoint, injection will not occur to prevent dry pump
Low Urea Flow FT-0401 0.1 Yes Alarms if urea flow during injection drops below this setpoint
Reagent Supply Pressure PR-0601 100 psig No Urea supply pressure
Stop Air SP NA 300 sec No Injection Module purges for this amount of time after system shuts down.
Urea High PSI SP PT-0201 160 psig No Alarms when urea pressure is above this setpoint
Urea Low Flow SP FS-1501 0.10 gph Yes* _|initiates redundant pump when below this setpoint
Urea Low PSI SP PT-0201 20 psig No Alarms when urea pressure is below this setpoint
Post Urea PSI PT-0202 - No This pressure sensor is for monitoring and diagnostical reference only.
CAT Diff PSI 5psig No Alarms when the differential pressure across the catalysts exceeds this value.
Load, Urea Setpoints Main:
Flowmeter Max Scale FT-0401 3.0 gph No Maximum Scale of Urea Flow Transmitter
Air/Water Purge Time Delay SV-0103 15 sec. No Timer for water purge prior to standard air purge
Calibration Screen:
Engine Load- mA in Max ELS-1901 20|N/A Max mA signal received from engine relative to load
Engine Load- mA in Min ELS-1901 3.98[N/A Min mA signal received from engine relative to load
Engine Load- Max Scale ELS-1901 110|N/A Load that correlates to receiving a 20mA signal
Engine Load- Min Scale ELS-1901 0[N/A Load that correlates to receiving a 4mA signal
Urea Scale FT-0401 99.6|N/A Utilized for scaling flow transmitter at initial commissioning
Tank Scale Upper LT-1201 100|N/A Utilized for scaling level transmitter at initial commissioning
Tank Scale Lower LT-1201 19.9|N/A Utilized for scaling level transmitter at initial commissioning
PID Screen:
Proportional Setting- P CV-0501 750[{N/A Proportional Setting for CV-0501
Integral Setting- | CV-0501 0.025|N/A Integral Setting for CV-0501
SP=Set Point

* Initiates Purge when second pump does not activate switch
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Plant 1 - Digester Gas Cleaning System

Fixed Gas Sampling Summary

Carbon Dioxide Methane Nitrogen Oxygen
Collection Date Lab Collection Method Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet

(%) (%) (%) (%) (%) (%) (%) (%)

3/16/2010 Centek Tedlar Bag 334 324 55.2 54.9 11 17 0.3 0.5
4/7/2010 Centek Tedlar Bag 27.0 27.6 53.7 62.5 1.6 1.7 0.6 0.8
4/29/2010 Centek Tedlar Bag 28.5 31.4 62.6 59.5 2.0 1.7 0.5 0.5
5/19/2010 Centek (1) Tedlar Bag 19.1 24.6 44.4 55.3 27.0 13.2 7.1 3.3
5/27/2010 Centek Tedlar Bag 31.4 31.0 54.0 54.3 4.0 1.1 1.2 0.5
6/11/2010 Centek Tedlar Bag 25.5 23.1 56.3 45.0 14 15 0.5 0.5
6/29/2010 Centek (2) Tedlar Bag 40.1 34.5 58.3 48.4 4.0 16.0 1.1 4.3
8/12/2010 Acculabs, Inc. (3) [Summa Canister 0.3 0.3 0.5 0.5 77.5 77.9 21.3 20.5
8/12/2010 AtmAA Inc. Tedlar Bag 36.6 36.4 61.0 60.9 1.0 1.2 0.3 0.3
8/19/2010 Acculabs, Inc. (4) |Tedlar Bag 31.2 15.7 63.9 32.3 1.9 45.7 0.5 5.4
8/19/2010 Acculabs, Inc. (4) [Summa Canister 31.7 25.8 65.8 60.4 0.8 10.8 0.1 0.7
9/1/2010 AtmAA Inc. Tedlar Bag 35.0 35.7 60.4 60.6 2.5 1.9 0.5 0.4
9/15/2010 AtmAA Inc. Tedlar Bag 36.6 36.6 60.5 60.6 1.3 1.6 0.2 0.3
9/20/2010 AtmAA Inc. Tedlar Bag 36.2 36.4 60.8 60.7 1.2 1.2 0.3 0.3
11/4/2010 AtmAA Inc. Tedlar Bag 35.9 N/A 59.9 N/A 2.6 N/A 0.6 N/A
1/12/2011 AtmAA Inc. Tedlar Bag 34.0 N/A 59.0 N/A 5.1 N/A 14 N/A
2/9/2011 AtmAA Inc. Tedlar Bag 37.7 37.2 60.4 60.7 0.9 1.1 0.1 0.1
2/24/2011 AtmAA Inc. Tedlar Bag 36.6 N/A 60.1 N/A 1.9 N/A 0.2 N/A
Minimum 25.5 23.1 53.7 45.0 0.9 1.1 0.1 0.1

Maximum 40.1 37.2 62.6 62.5 5.1 1.9 14 0.8

Average 33.9 32.8 58.7 58.0 2.2 15 0.6 0.4

Notes:

(1) Inlet and outlet sample results from 5/19/10 are not accurate due to an error in collection, indicated by high nitrogen composition

(>5%), and are not included in the minimum, maximum and average.

(2) Outlet sample results from 6/29/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and
are not included in the minimum, maximum and average.
(3) Inlet and outlet sample results from AccuLabs on 8/12/10 are not accurate due to an error in collection, indicated by high nitrogen
composition (>5%), and are not included in the minimum, maximum and average.
(4) Sample results from 8/19/10 are not consistent with sample results from other laboratories and are concluded to be erroneous and
not included in the minimum, maximum and average.

(5) N/A indicates not applicable because the compound was not analyzed for.
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Total Reduced Sulfide Summary
Plant 1 - Digester Gas Cleaning System

Hydrogen Sulfide Carbonyl Sulfide Methyl Mercaptan Ethyl Mercaptan
Collection Date Lab (1) Collection Method Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt RptLmt[  Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
(ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv)| (ppbv) (ppbv) (ppbv) (ppbv) | (ppbv) (ppbv) (ppbv) (ppbv)
4/21/2010 OCSD AQMD 307-91 1,000 25,700 25 ND 6 20 6 ND 12 70 12 ND 19 225 19 ND
5/11/2010 OCSD AQMD 307-91 2,500 31,700 25 263 6 20 6 8 12 53 12 ND 19 263 19 ND
6/8/2010 OCSD AQMD 307-91 630 27,970 63 2,162 5 16 5 ND 3 49 3 ND 4 272 4 ND
6/22/2010 OCSsD AQMD 307-91 630 21,620 6 ND 5 14 5 ND 3 54 3 ND 4 301 4 ND
7/7/2010 OCSD AQMD 307-91 630 28,570 6 ND 5 13 5 ND 3 57 3 ND 4 265 4 ND
7/21/2010 OCSD AQMD 307-91 630 24,870 6 ND 5 10 5 ND 3 48 3 ND 4 272 4 ND
8/3/2010 OCSD AQMD 307-91 630 27,450 6 ND 5 19 5 12 3 58 3 ND 4 293 4 ND
8/12/2010 OCSsD AQMD 307-91 630 28,190 6 ND 5 22 5 18 3 72 3 ND 4 304 4 ND
8/12/2010  |AcculLabs, Inc. (2) |Summa Canister 5 <MDL 5 <MDL 2 <MDL 2| <MDL 2 <MDL 2 <MDL 2 <MDL 2 <MDL
8/12/2010 AtmAA Inc. Tedlar Bag 500 30,700 200 <MDL 200 <MDL 200 [ <MDL 200 <MDL 200 <MDL 200 <MDL 200 <MDL
8/19/2010 Acculabs, Inc. (3) [Tedlar Bag 100 14,600 10 <MDL 5 13 5| <MDL 20 181 5 <MDL 20 470 5 <MDL
8/19/2010 AcculLabs, Inc. (3) |Summa Canister 100 14,100 10 <MDL 5 13 5| <MDL 20 191 5 <MDL 20 478 5 <MDL
9/1/2010 OCSD AQMD 307-91 630 14,690 6 ND 5 28 5 15 3 81 3 ND 4 301 4 ND
9/14/2010 OCSsD AQMD 307-91 630 23,010 6 545 5 17 5 17 3 62 3 ND 4 258 4 ND
1/25/2011 OCSD AQMD 307-91 630 28,540 6 ND 5 28 5 16 3 61 3 ND 4 189 4 ND
2/9/2011 OCSD AQMD 307-91 630 31,870 6 1,755 5 21 5 18 3 79 3 ND 4 210 4 ND
2/23/2011 OCSD AQMD 307-91 630 24,460 6 ND 5 15 5 ND 3 58 3 ND 4 205 4 ND
Minimum N/A 14,690 N/A 263 N/A 10 N/A 8 N/A 48 N/A ND N/A 189 N/A ND
Maximum N/A 31,870 N/A 2,162 N/A 28 N/A 18 N/A 81 N/A ND N/A 304 N/A ND
Average N/A 26,381 N/A 1,181 N/A 19 N/A 15 N/A 62 N/A ND N/A 258 N/A ND
Notes:
(1) Hydrogen sulfide results from Centek are above the operating range of the instrument and appear to be erroneous. Centek sample results are not included in the
analysis of this pilot testing program.
(2) Inlet and outlet sample results from Acculabs on 8/12/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are not
included in the minimum, maximum and average.
(3) Sample results from 8/19/10 are not consistent with sample results from other laboratories and are concluded to be erroneous and not included in the minimum,
maximum and average.
(4) N/A indicates not applicable or that the compound was not analyzed for.
(5) ND indicates non-detect.
(6) <MDL indicates that the result, if any, was less than the method detection limit.
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Total Reduced Sulfide Summary
Plant 1 - Digester Gas Cleaning System

Dimethyl Sulfide Carbon Disulfide n-Propy! Thiol iso-Propyl Thiol
Collection Date Lab (1) Collection Method Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
(ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv) (ppbv)

4/21/2010 OCSD AQMD 307-91 18 ND 18 ND 13 ND 13 ND 21 584 21 ND 30 310 30 ND
5/11/2010 OCSD AQMD 307-91 18 ND 18 ND 13 ND 13 ND 21 630 21 ND 30 360 30 ND
6/8/2010 OCSD AQMD 307-91 5 8 5 10 3 4 3 3 320 536 3 ND 3 341 3 4
6/22/2010 OCSD AQMD 307-91 5 6 5 ND 3 ND 3 ND 3 679 3 ND 3 406 3 ND
7/7/2010 OCSD AQMD 307-91 5 12 5 ND 3 ND 3 ND 3 625 3 ND 3 381 3 ND
7/21/2010 OCSD AQMD 307-91 5 8 5 12 3 ND 3 4 3 593 3 ND 3 373 3 ND
8/3/2010 OCSD AQMD 307-91 5 13 5 12 3 ND 3 6 3 622 3 ND 3 401 3 ND
8/12/2010 OCSD AQMD 307-91 5 17 5 20 3 ND 3 7 3 649 3 ND 3 416 3 ND
8/12/2010  |AcculLabs, Inc. (2) |Summa Canister 2 15 2 11 2 5 2 4 2 <MDL 2 <MDL 2 <MDL 2 <MDL
8/12/2010 AtmAA Inc. Tedlar Bag 200 <MDL 200 <MDL 200 <MDL 200 <MDL 320 <MDL 200 <MDL 250 <MDL 200 <MDL
8/19/2010  |AcculLabs, Inc. (3) |Tedlar Bag 5 10 5 8 5 <MDL 5 <MDL 50 1,180 5 <MDL 5 <MDL 5 <MDL
8/19/2010  |AccuLabs, Inc. (3) [Summa Canister 5 10 5 9 5 <MDL 5 2 50 1,190 5 <MDL 5 <MDL 5 <MDL
9/1/2010 OCSD AQMD 307-91 5 13 5 18 3 9 3 12 3 565 3 ND 3 416 3 ND
9/14/2010 OCSD AQMD 307-91 5 15 5 18 3 ND 3 7 3 631 3 ND 3 341 3 ND
1/25/2011 OCSD AQMD 307-91 5 8 5 11 3 5 3 8 3 454 3 ND 3 214 3 ND
2/9/2011 OCSD AQMD 307-91 5 14 5 ND 3 ND 3 6 3 514 3 ND 3 242 3 ND
2/23/2011 OCSD AQMD 307-91 5 13 5 ND 3 ND 3 ND 3 476 3 ND 3 268 3 ND

Minimum N/A 6 N/A 10 N/A 4 N/A 3 N/A 454 N/A ND N/A 214 N/A 4

Maximum N/A 17 N/A 20 N/A 9 N/A 12 N/A 679 N/A ND N/A 416 N/A 4

Average N/A 12 N/A 14 N/A 6 N/A 7 N/A 581 N/A ND N/A 344 N/A 4
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Total Reduced Sulfide Summary
Plant 1 - Digester Gas Cleaning System

Dimethyl Disulfide

Isopropyl Mercaptan

n-Propyl Mercaptan

Collection Date Lab (1) Collection Method Inlet Outlet Inlet Outlet Inlet Outlet
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt

(ppbv) (ppbv) (ppbv) (ppbv) (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) | (ppbv) [ (ppbv)

4/21/2010 OCSD AQMD 307-91 30 ND 30 ND N/A N/A N/A N/A N/A N/A N/A N/A
5/11/2010 OCSD AQMD 307-91 30 ND 30 ND N/A N/A N/A N/A N/A N/A N/A N/A
6/8/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
6/22/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
7/7/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
7/21/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
8/3/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
8/12/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
8/12/2010  |AcculLabs, Inc. (2) |Summa Canister 5 <MDL 5 <MDL 5 <2 5 <2 5 <2 5 <2
8/12/2010 AtmAA Inc. Tedlar Bag 200 <MDL 200 <MDL 0.2 250 0.2 <MDL 0.2 320 0.2 <MDL
8/19/2010  |AcculLabs, Inc. (3) |Tedlar Bag 5 <MDL 5 <MDL 5 <2 5 <2 50 1,180 5 <2
8/19/2010  |AccuLabs, Inc. (3) [Summa Canister 5 <MDL 5 <MDL 5 <2 5 <2 50 1,190 5 <2
9/1/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
9/14/2010 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
1/25/2011 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
2/9/2011 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
2/23/2011 OCSD AQMD 307-91 4 ND 4 ND N/A N/A N/A N/A N/A N/A N/A N/A
Minimum N/A ND N/A ND N/A 250 N/A ND N/A 320 N/A ND

Maximum N/A ND N/A ND N/A 250 N/A ND N/A 320 N/A ND

Average N/A ND N/A ND N/A 250 N/A ND N/A 320 N/A ND
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Siloxane Sampling Summary
Plant 1 - Digester Gas Cleaning System

Hexamethyldisiloxane

Hexamethylcyclotrisiloxane

Octamethyltrisiloxane

Octamethylcyclotetrasiloxane

(L2) (D3) (L3) (D4)
Collection Date Lab Collection Method Inlet Outlet Inlet Outlet Inlet Outlet Inlet Outlet
RptLmt| Amt |RptLmt| Amt |RptLmt| Amt |RptLmt Amt |RptLmt] Amt |RptLmt Amt |Rpt Lmt Amt Rpt Lmt Amt
(ppbv) | (ppbv) | (ppbv) | (ppbv) | (PPbV) | (pPbV) | (PRbV) | (PPbV) | (PPbV) | (ppbv) | (ppbV) | (pPbV) | (PPbV)| (PPbV) [ (PPbV) | (PPbV)
3/16/2010 Centek Tedlar Bag 20 ND 20 ND 20 10 20 ND 20 12 20 ND 20 600 20 ND
4/7/2010 Centek Tedlar Bag 20 ND 10 ND 20 9.7 10 ND 20 11 10 ND 20 840 10 ND
4/29/2010 Centek Tedlar Bag 50 ND 10 ND 50 ND 10 ND 50 10 10 ND 50 1600 10 ND
5/19/2010 Centek (1) Tedlar Bag 20 ND 10 ND 20 15 10 ND 20 17 10 ND 20 810 10 7.6
5/27/2010 Centek Tedlar Bag 20 ND 10 8.4 20 13 10 ND 20 17 10 0.1 20 1300 10 5.2
5/27/2010 Centek Methanol Impinger 20 N/A 10 ND 20 N/A 10 ND 20 N/A 10 ND 20 369 10 ND
6/11/2010 Centek Tedlar Bag 20 ND 10 7.4 20 12 10 12 20 15 10 ND 20 660 10 200
6/29/2010 Centek (2) Tedlar Bag 20 ND 10 ND 20 17 10 ND 20 19 10 ND 20 620 10 ND
8/12/2010 AccuLabs (3) |Summa Canister 0.025 3.12 0.025 2.98 0.025 | <0.01 0.025 <0.01 | 0.025 | <0.01 0.025 <0.01 | 0.025 <0.01 0.025 <0.01
8/12/2010 AtmAA Tedlar Bag N/A ND N/A ND N/A ND N/A ND N/A ND N/A ND N/A 471 N/A ND
8/19/2010 AcculLabs (4) |Tedlar Bag 0.025 1.61 0.025 0.26 0.025 4.84 0.025 0.03 0.025 4.97 0.025 ND 0.025 41.5 0.025 0.03
8/19/2010 AccuLabs (4) |Summa Canister 0.025 1.34 0.025 0.23 0.025 5.62 0.025 0.03 0.025 5.84 0.025 ND 0.025 43.1 0.025 0.03
9/1/2010 AtmAA Tedlar Bag 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 510 60 <MDL
9/15/2010 AtmAA Tedlar Bag 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 860 60 <MDL
9/20/2010 AtmAA Tedlar Bag 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 864 60 <MDL
11/4/2010 AtmAA Tedlar Bag 60 <MDL N/A N/A 60 <MDL N/A N/A 60 <MDL N/A N/A 60 597 N/A N/A
1/12/2011 AtmAA Tedlar Bag 60 <MDL N/A N/A 60 <MDL N/A N/A 60 <MDL N/A N/A 60 409 N/A N/A
2/9/2011 AtmAA Tedlar Bag 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 <MDL 60 420 60 <MDL
2/24/2011 AtmAA Tedlar Bag 60 <MDL N/A N/A 60 <MDL N/A N/A 60 <MDL N/A N/A 60 438 N/A N/A
Minimum N/A <MDL N/A 7.4 N/A 9.7 N/A 12.0 N/A 10.0 N/A 0.1 N/A 369 N/A 5.2
Maximum N/A <MDL N/A 8.4 N/A 17.0 N/A 12.0 N/A 19.0 N/A 0.1 N/A 1,600 N/A 200.0
Average N/A <MDL N/A 7.9 N/A 12.3 N/A 12.0 N/A 14.0 N/A 0.1 N/A 704 N/A 102.6
Notes:

(1) Inlet and outlet sample results from 5/19/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are
not included in the minimum, maximum and average.
(2) Outlet sample results from 6/29/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are not
included in the minimum, maximum and average.
(3) Inlet and outlet sample results from AccuLabs on 8/12/10 are not accurate due to an error in collection, indicated by high nitrogen composition
(>5%), and are not included in the minimum, maximum and average.
(4) Sample results from 8/19/10 are not consistent with sample results from other laboratories and are concluded to be erroneous and not included in
the minimum, maximum and average.
(5) N/A indicates not applicable or that the compound was not analyzed for.
(6) ND indicates non-detect.
(7) <MDL indicates that the result, if any, was less than the method detection limit.
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Siloxane Sampling Summary

Plant 1 - Digester Gas Cleaning System

Decamethyltetrasiloxane

Decamethylcyclopentasiloxane

Total Siloxane

(L4) (D5) Inlet Outlet
Collection Date Lab Collection Method Inlet Outlet Inlet Outlet
RptLmt] Amt |[RptLmt Amt |Rpt Lmt Amt Rpt Lmt Amt
(ppbv) [ (ppbv) [ (ppbv) | (ppbv) | (ppbv) |  (ppbv) (ppbv) | (ppbv)
3/16/2010 Centek Tedlar Bag 20 84 20 ND 20 2900 20 7.0 3,584.0 | <MDL
4/7/2010 Centek Tedlar Bag 20 170 10 ND 20 7500 10 8.8 8,510.0 | <MDL
4/29/2010 Centek Tedlar Bag 50 100 10 ND 50 14000 10 ND 15,700.0 ND
5/19/2010 Centek (1) Tedlar Bag 20 83 10 ND 20 3500 10 ND 4,393.0 | <MDL
5/27/2010 Centek Tedlar Bag 20 73 10 0.22 20 1300 10 15 2,673.0 15.0
5/27/2010 Centek Methanol Impinger 20 N/A 10 ND 20 2478 10 ND 2,847.0 ND
6/11/2010 Centek Tedlar Bag 20 130 10 ND 20 7700 10 36 8,490.0 248.0
6/29/2010 Centek (2) Tedlar Bag 20 170 10 ND 20 7900 10 39 8,690.0 39.0
8/12/2010 AccuLabs (3) |Summa Canister 0.025 | <0.01 0.025 <0.01 | 0.025 <0.01 0.025 <0.01 3.1 3.0
8/12/2010 AtmAA Tedlar Bag N/A ND N/A ND N/A 3254 N/A ND 3,725.0 ND
8/19/2010 AcculLabs (4) |Tedlar Bag 0.025 6.36 0.025 ND 0.03 860 0.03 ND 919.3 0.3
8/19/2010 AcculLabs (4) |Summa Canister 0.025 6.72 0.025 ND 0.1 908 0.025 ND 970.6 0.3
9/1/2010 AtmAA Tedlar Bag 80 <MDL 80 <MDL 80 4058 80 <MDL 4,568.0 <0.4
9/15/2010 AtmAA Tedlar Bag 80 <MDL 80 <MDL 80 3486 80 <MDL 4,346.0 <0.4
9/20/2010 AtmAA Tedlar Bag 80 <MDL 80 <MDL 80 4862 80 <MDL 5,726.0 <0.4
11/4/2010 AtmAA Tedlar Bag 80 <MDL N/A N/A 80 4632 N/A N/A 5,229.0 N/A
1/12/2011 AtmAA Tedlar Bag 80 <MDL N/A N/A 80 6140 N/A N/A 6,549.0 N/A
2/9/2011 AtmAA Tedlar Bag 80 <MDL 80 <MDL 80 4160 80 <MDL 4,580.0 | <MDL
2/24/2011 AtmAA Tedlar Bag 80 <MDL N/A N/A 80 6200 N/A N/A 6,638.0 N/A
Minimum N/A 73 N/A 0.2 N/A 1,300 N/A 7.0 919 0.3
Maximum N/A 170 N/A 0.2 N/A 14,000 N/A 36.0 15,700 248.0
Average N/A 121 N/A 0.2 N/A 5,371 N/A 16.7 5,452 60.5
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VOC Data Summary
Plant 1 - Digester Gas Cleaning System

3/16/2010 3/16/2010 4/7/2010 4/29/2010
Analyte Centek AcculLabs (Summa Canister) Centek Centek

Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt

Acetone 40 ND 40 40 2.5 <2.5 40 ND 20 17 100 63 20 15
Benzene 20 13 20 ND 0.5 9.25 20 8.2 10 ND 50 10 10 ND

Carbon Disulfide 20 ND 20 ND 0.5 0.97 20 ND 10 3.4 50 ND 10 5
Chlorobenzene 20 ND 20 ND 0.5 <0.21 20 ND 10 ND 50 ND 10 ND
Cyclohexane 20 ND 20 ND 0.5 2.94 20 18 10 ND 50 22 10 ND
1,2-Dichlorobenzene 20 ND 20 ND 0.5 0.33 20 ND 10 ND 50 ND 10 ND
1,4-Dichlorobenzene 20 5 20 ND 0.5 12.6 20 ND 10 ND 50 28 10 ND
cis-1,2-Dichloroethene 20 35 20 4.3 0.5 30.6 20 23 10 ND 50 45 10 12
trans-1,2-Dichloroethene 20 ND 20 ND 0.5 <0.20 20 ND 10 ND 50 ND 10 ND
Ethanol N/A N/A N/A N/A 1.0 <0.37 N/A N/A N/A N/A N/A N/A N/A N/A
Ethyl Acetate 40 ND 40 ND 1.0 <0.45 40 ND 20 ND 100 ND 20 ND
Ethylbenzene 20 37 20 ND 0.5 33.4 20 44 10 ND 50 100 10 ND
4-Ethyltoluene 20 20 20 ND 0.5 14.7 20 21 10 ND 50 43 10 ND
Freon 11 20 ND 20 ND N/A N/A 20 ND 10 ND 50 ND 10 2.9
n-Heptane 20 73 20 ND 0.5 55.9 20 75 10 ND 50 100 10 ND
Hexane 20 ND 20 ND 0.5 80.2 20 88 10 ND 50 210 10 ND
Isopropyl Alcohol 20 ND 20 300 N/A N/A 20 ND 10 30 50 ND 10 13
Methylene Chloride 20 7.7 20 ND 2.5 7.63 20 5.2 10 3.8 50 12 10 5.2
Methyl Isobutyl Ketone (MIBK) 40 ND 40 ND 2.0 <0.57 40 ND 20 100 ND 20 ND
2-Propanol (IPA) N/A N/A N/A N/A 1.0 4.05 N/A N/A N/A N/A N/A N/A N/A N/A
Propene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Propylene 20 ND 20 ND 5.0 2140 20 ND 10 ND 50 ND 10 ND
Styrene 20 4.7 20 ND 0.5 5.65 20 4.2 10 ND 50 19 10 ND
Tetrachloroethene (PCE) N/A N/A N/A N/A 0.5 5.16 N/A N/A N/A N/A N/A N/A N/A N/A
Tetrachloroethylene 20 8.2 20 ND N/A N/A 20 ND 10 ND 50 ND 10 ND
Toluene 20 1200 20 ND 5.0 1350 20 1300 10 4.1 50 1600 10 ND
1,2,4-Trichlorobenzene 20 ND 20 ND 0.5 <0.26 20 ND 10 ND 50 ND 10 ND
Trichloroethene (TCE) 20 12 20 11 0.5 7.26 20 9.6 10 ND 50 14 10 ND
Trichloroethylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Trichlorofluoromethane(F-11) N/A N/A N/A N/A 2.0 2.36 N/A N/A N/A N/A N/A N/A N/A N/A
1,2,4-Trimethylbenzene 20 76 20 ND 0.5 110 20 70 10 ND 50 240 10 ND
1,3,5-Trimethylbenzene 20 33 20 ND 0.5 38.5 20 30 10 ND 50 88 10 ND
2,2,4-Trimethylpentane 20 27 20 ND N/A N/A 20 66 10 ND 50 65 10 ND
Vinyl Chloride 20 ND 20 ND 0.5 2.39 20 ND 10 ND 50 ND 10 ND
m & p-Xylene 40 69 40 ND 1.0 76.8 40 76 20 ND 100 100 20 ND
0-Xylene 20 24 20 ND 0.5 27.9 20 26 10 ND 50 41 10 ND
Total VOCs N/A 1,594 N/A 340 N/A 4,019 N/A 1,819 N/A 30 N/A 2,403 N/A 25

Notes:

(1) Inlet and outlet sample results from 5/19/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are not included in
the minimum, maximum and average.

(2) Outlet sample results from 6/29/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are not included in the
minimum, maximum and average.

(3) Inlet and outlet sample results from AccuLabs on 8/12/10 are not accurate due to an error in collection, indicated by high nitrogen composition (>5%), and are
not included in the minimum, maximum and average.

(4) Sample results from 8/19/10 are not consistent with sample results from other laboratories and are concluded to be erroneous and not included in the minimum,
maximum and average.

(5) N/A indicates not applicable or that the compound was not analyzed for.

(6) ND indicates non-detect.

(7) <MDL indicates that the result, if any, was less than the method detection limit.
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VOC Data Summary

Plant 1 - Digester Gas Cleaning System

5/11/2010 5/19/2010 5/25/2010 5/27/2010
Analyte OCSD Centek (1) OCSD Centek

Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt

Acetone 4.300 7.24 4.640 7.01 40 ND 20 45 4.640 10.2 4.300 9.67 40 ND 20 ND
Benzene 3.900 9.53 4.210 ND 20 22 10 11 4.210 9.28 3.900 ND 20 9.8 10 4.1
Carbon Disulfide 6.280 ND 6.780 ND 20 9.8 10 21 6.780 ND 6.280 ND 20 ND 10 3.5
Chlorobenzene 3.780 457 4.080 ND 20 9.6 10 ND 4.080 5.85 3.780 ND 20 ND 10 ND
Cyclohexane 3.820 ND 4.130 ND 20 33 10 12 4.130 ND 3.820 ND 20 12 10 6.5
1,2-Dichlorobenzene 3.520 ND 3.810 ND 20 ND 10 ND 3.810 ND 3.520 ND 20 ND 10 ND
1,4-Dichlorobenzene 3.580 20.8 3.860 ND 20 47 10 ND 3.860 26.8 3.580 ND 20 5.3 10 ND
cis-1,2-Dichloroethene 3.080 37.7 3.320 17.1 20 360 10 54 3.320 103 3.080 72.4 20 80 10 63
trans-1,2-Dichloroethene 3.680 ND 3.970 ND 20 32 10 4.4 3.970 ND 3.680 3.71 20 ND 10 5.8
Ethanol 4.300 ND 4.640 ND N/A N/A N/A N/A 4.640 ND 4.300 ND N/A N/A N/A N/A
Ethyl Acetate 5.450 ND 5.890 ND 40 ND 20 ND 5.890 ND 5.450 ND 40 ND 20 43
Ethylbenzene 3.380 85.4 3.640 ND 20 250 10 2.6 3.640 141 3.380 ND 20 96 10 7.8
4-Ethyltoluene 3.000 59.3 3.240 ND 20 65 10 ND 3.240 51.1 3.000 ND 20 16 10 ND
Freon 11 N/A N/A N/A N/A 20 ND 10 5.1 N/A N/A N/A N/A 20 6.3 10 4.8
n-Heptane 3.080 83.8 3.320 ND 20 210 10 3 3.320 87.2 3.080 41.8 20 76 10 36
Hexane 3.620 37 3.920 ND 20 200 10 47 3.920 36.6 3.620 9.55 20 150 10 27
Isopropyl Alcohol 2.950 ND 3.190 ND 20 ND 10 27 3.190 ND 2.950 ND 20 ND 10 ND
Methylene Chloride 5.220 ND 5.640 ND 20 9 10 9.4 5.640 ND 5.220 ND 20 8.2 10 7.3
Methyl Isobutyl Ketone (MIBK) 2.950 ND 3.190 ND 40 ND 20 ND 3.190 ND 2.950 ND 40 ND 20 ND
2-Propanol (IPA) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Propene 44.600 3270 48.800 3480 N/A N/A N/A N/A 49.300 3130 45.400 3470 N/A N/A N/A N/A
Propylene N/A N/A N/A N/A 20 ND 10 ND N/A N/A N/A N/A 20 ND 10 ND
Styrene 2.080 7.92 2.240 ND 20 49 10 ND 2.240 24.7 2.080 ND 20 13 10 43
Tetrachloroethene (PCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tetrachloroethylene 3.350 ND 3.620 ND 20 370 10 ND 3.620 ND 3.350 6.56 20 6 10 4.2
Toluene 23.600 1340 2.560 ND 20 2700 10 25 26.000 2010 23.900 1030 50 1200 20 360
1,2,4-Trichlorobenzene 2.600 ND 2.810 ND 20 ND 10 ND 2.810 ND 2.600 ND 20 ND 10 ND
Trichloroethene (TCE) N/A N/A N/A N/A 20 610 10 22 N/A N/A N/A N/A 20 14 10 7.6
Trichloroethylene 3.520 9.67 3.810 ND N/A N/A N/A N/A 3.810 12.7 3.520 10.2 N/A N/A N/A N/A
Trichlorofluoromethane(F-11) 7.120 ND 7.700 ND N/A N/A N/A N/A 7.700 ND 7.120 ND N/A N/A N/A N/A
1,2,4-Trimethylbenzene 3.300 178 3.560 ND 20 430 10 ND 3.560 188 3.300 ND 20 81 10 ND
1,3,5-Trimethylbenzene 4.100 77.1 4.430 ND 20 150 10 ND 4.430 76.2 4.100 ND 20 35 10 ND
2,2,4-Trimethylpentane N/A N/A N/A N/A 20 89 10 3.2 N/A N/A N/A N/A 20 60 10 25
Vinyl Chloride 5.200 ND 5.620 ND 20 12 10 5.8 5.620 ND 5.200 6.81 20 ND 10 6.6
m & p-Xylene 4.220 103 4.560 ND 40 240 20 ND 4.560 88.5 4.220 ND 40 47 20 ND
o-Xylene 4.050 42.6 4.370 ND 20 91 10 ND 4.370 35.6 4.050 ND 20 20 10 ND
Total VOCs N/A 5,374 N/A 3,504 N/A 5,948 N/A 264 N/A 6,037 N/A 4,651 N/A 1,845 N/A 511

Page 2 of 6

July 2011



VOC Data Summary

Plant 1 - Digester Gas Cleaning System

6/8/2010 6/11/2010 6/29/2010 7/7/2010
Analyte OCSD Centek Centek (2) OCSD
Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
Acetone 4.470 ND 4.820 ND 40 ND 40 200 40 88 20 65 4.640 9.24 5.160 ND
Benzene 4.060 11 4.370 6.01 20 15 20 7.2 20 14 10 ND 4.210 7.34 4.680 ND
Carbon Disulfide 6.530 ND 7.030 ND 20 ND 20 5.8 20 ND 10 3.2 6.780 ND 7.530 ND
Chlorobenzene 3.930 ND 4.230 ND 20 5.9 20 ND 20 6.4 10 ND 4.080 ND 4.530 ND
Cyclohexane 3.980 ND 4.280 ND 20 ND 20 9.2 20 16 10 ND 4.130 ND 4.590 ND
1,2-Dichlorobenzene 3.670 ND 3.950 ND 20 ND 20 ND 20 ND 10 ND 3.810 ND 4.230 ND
1,4-Dichlorobenzene 3.720 19.2 4.000 ND 20 16 20 ND 20 17 10 ND 3.860 ND 4.290 ND
cis-1,2-Dichloroethene 3.200 37.6 3.440 59.6 20 42 20 55 20 44 10 ND 3.320 22.7 3.690 ND
trans-1,2-Dichloroethene 3.820 ND 4.120 ND 20 ND 20 ND 20 4.6 10 ND 3.970 ND 4.410 ND
Ethanol 4.470 ND 4.820 ND N/A N/A N/A N/A N/A N/A N/A N/A 4.640 ND 5.160 ND
Ethyl Acetate 5.670 ND 6.100 ND 40 ND 40 ND 40 ND 20 ND 5.890 ND 6.540 ND
Ethylbenzene 3510 74.1 3.780 38.9 20 110 20 61 20 84 10 ND 3.640 62.4 4.050 ND
4-Ethyltoluene 3.120 68.6 3.360 ND 20 31 20 9 20 21 10 ND 3.240 28.8 3.600 ND
Freon 11 N/A N/A N/A N/A 20 ND 20 5.9 20 5.2 10 35 N/A N/A N/A N/A
n-Heptane 3.200 62.4 3.440 45.8 20 94 20 44 20 99 10 ND 3.320 79.1 3.690 ND
Hexane 3.770 33.7 4.060 26.6 20 130 20 35 20 160 10 32 3.920 35.6 4.350 ND
Isopropyl Alcohol 3.070 ND 3.300 ND 20 ND 20 ND 20 ND 10 ND 3.190 ND 3.540 ND
Methylene Chloride 5.430 ND 5.850 5.96 20 9.3 20 13 20 14 10 8.8 5.640 ND 6.270 6.38
Methy! Isobutyl Ketone (MIBK) 3.070 ND 3.300 ND 40 ND 40 ND 40 ND 20 ND 3.190 ND 3.540 ND
2-Propanol (IPA) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Propene 47.200 3630 49.900 4130 N/A N/A N/A N/A N/A N/A N/A N/A 47.900 3270 53.800 3600
Propylene N/A N/A N/A N/A 20 ND 20 ND 20 ND 10 ND N/A N/A N/A N/A
Styrene 2.160 8.4 2.320 ND 20 23 20 6.2 20 15 10 2.6 2.240 7.18 2.490 ND
Tetrachloroethene (PCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tetrachloroethylene 3.480 ND 3.750 11.5 20 21 20 7.5 20 13 10 ND 3.620 ND 4.020 ND
Toluene 24.900 3080 26.300 1400 20 3600 20 800 20 2000 10 37 25.300 2090 2.850 ND
1,2,4-Trichlorobenzene 2.700 ND 2.910 ND 20 ND 20 ND 20 9.2 10 ND 2.810 ND 3.120 ND
Trichloroethene (TCE) N/A N/A N/A N/A 20 28 20 16 20 17 10 ND N/A N/A N/A N/A
Trichloroethylene 3.670 6.24 3.950 12.3 N/A N/A N/A N/A N/A N/A N/A N/A 3.810 7.14 4.230 ND
Trichlorofluoromethane(F-11) 7.410 ND 7.980 ND N/A N/A N/A N/A N/A N/A N/A N/A 7.700 ND 8.550 ND
1,2,4-Trimethylbenzene 3.430 117 3.700 ND 20 190 20 ND 20 120 10 ND 3.560 124 3.960 ND
1,3,5-Trimethylbenzene 4.260 38.4 4.590 ND 20 69 20 ND 20 44 10 ND 4.430 36.2 4.920 ND
2,2,4-Trimethylpentane N/A N/A N/A N/A 20 55 20 31 20 39 10 ND N/A N/A N/A N/A
Vinyl Chloride 5.410 ND 5.820 ND 20 ND 20 ND 20 ND 10 ND 5.620 ND 6.240 ND
m & p-Xylene 4.390 60.5 4.730 31.4 40 100 40 52 40 180 20 ND 4.560 111 5.070 7.90
o-Xylene 4.210 24.4 4.540 ND 20 42 20 10 20 64 10 ND 4.370 41.6 4.860 ND
Total VOCs N/A 7,272 N/A 5,768 N/A 4,535 N/A 1,278 N/A 2,943 N/A 65 N/A 5,932 N/A 3,614
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VOC Data Summary

Plant 1 - Digester Gas Cleaning System

7/21/2010 8/3/2010 8/12/2010 8/12/2010

Analyte OCSD OCSD OCSD Acculabs, Inc. - Summa Canisters (3)
Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
Acetone 4.300 6.97 4.820 12.7 4.640 17.7 4.990 13.8 4.820 10.7 4.640 13 N/A N/A N/A N/A
Benzene 3.900 8.70 4.370 ND 4.210 10.9 4.520 ND 4.370 9.15 4.210 ND N/A N/A N/A N/A
Carbon Disulfide 6.280 ND 7.030 ND 7.280 ND 7.280 ND 7.030 ND 6.780 ND N/A N/A N/A N/A
Chlorobenzene 3.780 ND 4.230 ND 4.380 ND 4.380 ND 4.230 ND 4.080 ND N/A N/A N/A N/A
Cyclohexane 3.820 ND 4.280 ND 4.440 ND 4.440 ND 4.280 8.88 4.130 ND N/A N/A N/A N/A
1,2-Dichlorobenzene 3.520 ND 3.950 ND 4.090 ND 4.090 ND 3.950 ND 3.810 ND N/A N/A N/A N/A
1,4-Dichlorobenzene 3.580 ND 4.000 ND 4.150 ND 4.150 ND 4.000 ND 3.860 ND N/A N/A N/A N/A
cis-1,2-Dichloroethene 3.080 17.2 3.440 17.3 3.320 44.2 3.570 65.1 3.440 24.6 3.320 60.2 N/A N/A N/A N/A
trans-1,2-Dichloroethene 3.680 ND 4.120 ND 4.260 ND 4.260 ND 4.120 ND 3.970 ND N/A N/A N/A N/A
Ethanol 4.300 ND 4.820 9.89 4.990 ND 4.990 5.52 4.820 ND 4.640 ND N/A N/A N/A N/A
Ethyl Acetate 5.450 ND 6.100 ND 6.320 ND 6.320 ND 6.100 ND 5.890 ND N/A N/A N/A N/A
Ethylbenzene 3.380 60.7 3.780 ND 3.640 50.2 3.920 4.07 3.780 52.8 3.640 ND N/A N/A N/A N/A
4-Ethyltoluene 3.000 34.2 3.360 ND 3.240 32.1 3.480 ND 3.360 26.3 3.240 ND N/A N/A N/A N/A
Freon 11 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
n-Heptane 3.080 84.1 3.440 ND 3.320 82.8 3.570 26.3 3.440 122 3.320 17.3 N/A N/A N/A N/A
Hexane 3.620 40.5 4.060 13.8 3.920 48.4 4.200 21.4 4.060 65.1 3.920 26.8 N/A N/A N/A N/A
Isopropyl Alcohol 2.950 ND 3.300 ND 3.420 ND 3.420 ND 3.300 ND 3.190 ND N/A N/A N/A N/A
Methylene Chloride 5.220 ND 5.850 9.52 5.640 5.87 6.060 ND 5.850 6.01 5.640 6.19 N/A N/A N/A N/A
Methyl Isobutyl Ketone (MIBK) 2.950 ND 3.300 ND 3.420 ND 3.420 ND 3.300 ND 3.190 ND N/A N/A N/A N/A
2-Propanol (IPA) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Propene 45.200 3140 49.500 3540 48.100 3630 52.400 3590 50.400 3140 49.300 3600 N/A N/A N/A N/A
Propylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Styrene 2.080 7.19 2.320 ND 2.240 4.95 2.410 ND 2.320 6.01 2.240 ND N/A N/A N/A N/A
Tetrachloroethene (PCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tetrachloroethylene 3.350 ND 3.750 ND 3.620 26.3 3.890 ND 3.750 ND 3.620 ND N/A N/A N/A N/A
Toluene 23.800 2510 2.660 ND 25.400 2110 2.760 ND 26.600 2680 2.560 9.76 N/A N/A N/A N/A
1,2,4-Trichlorobenzene 2.600 ND 2.910 ND 3.560 ND 3.020 ND 2.910 ND 2.810 ND N/A N/A N/A N/A
Trichloroethene (TCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Trichloroethylene 3.520 9.78 3.950 ND 3.810 22.9 4.090 5.67 3.950 12.8 3.810 5.21 N/A N/A N/A N/A
Trichlorofluoromethane(F-11) 7.120 ND 7.980 ND 8.260 ND 8.260 ND 7.980 ND 7.700 ND N/A N/A N/A N/A
1,2,4-Trimethylbenzene 3.300 154 3.700 ND 3.560 121 3.830 ND 3.700 115 3.560 ND N/A N/A N/A N/A
1,3,5-Trimethylbenzene 4.100 45.8 4.590 ND 4.430 39.9 4.760 ND 4.590 39.6 4.430 ND N/A N/A N/A N/A
2,2,4-Trimethylpentane N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Vinyl Chloride 5.200 ND 5.820 ND 6.030 ND 6.030 ND 5.820 ND 5.620 ND N/A N/A N/A N/A
m & p-Xylene 4.220 110 4.730 ND 4.560 82.9 4.900 15.4 4.730 83.2 4.560 ND N/A N/A N/A N/A
o-Xylene 4.050 43.3 4.540 ND 4.370 334 4.700 ND 4.540 31.4 4.370 ND N/A N/A N/A N/A
Total VOCs N/A 6,272 N/A 3,593 N/A 6,364 N/A 3,747 N/A 6,434 N/A 3,738 N/A N/A N/A N/A
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VOC Data Summary

Plant 1 - Digester Gas Cleaning System

Analyte

8/12/2010

8/19/2010

8/19/2010

9/1/2010

AtmAA Inc. - Tedlar Bags

Acculabs, Inc. - Tedlar Bags (4)

Acculabs, Inc. - Summa Canisters (4)

OCsD

Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
Acetone N/A 79 N/A 42.2 2.5 62 2.5 33.7 2.5 27.3 2.5 20.5 4.640 11 4.640 14.9
Benzene N/A 15.70 N/A 7.83 05 14.80 05 3.72 05 15.20 0.5 3.4 4.210 7.75 4.210 7.55
Carbon Disulfide 8 ND 8 ND 0.5 1.21 0.5 3.13 0.5 1.16 0.5 3.91 6.780 ND 6.780 9.3
Chlorobenzene 8 ND 8 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 4.080 ND 4.080 ND
Cyclohexane 8 ND 8 ND 05 7.61 0.5 ND 0.5 7.82 0.5 1.72 4.130 ND 4.130 ND
1,2-Dichlorobenzene 6 ND 6 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 3.810 ND 3.810 ND
1,4-Dichlorobenzene 6 8.32 6 ND 0.5 4.47 0.5 ND 0.5 10.8 0.5 ND 3.860 17.9 3.860 ND
cis-1,2-Dichloroethene N/A 34.1 N/A 66.9 05 45.2 0.5 44.2 0.5 47.3 0.5 44.7 3.320 47.3 3.320 70.3
trans-1,2-Dichloroethene 8 ND 8 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 3.970 ND 3.970 ND
Ethanol N/A N/A N/A N/A 1.0 ND 1.0 ND 1.0 ND 1.0 ND 4.640 ND 4.640 ND
Ethyl Acetate N/A 222 N/A 15.3 1.0 ND 1.0 ND 1.0 ND 1.0 ND 5.890 ND 5.890 ND
Ethylbenzene 8 52.4 8 ND 0.5 54.2 0.5 1.85 0.5 59.7 0.5 12 3.640 73.2 3.640 ND
4-Ethyltoluene 8 64.1 8 ND 05 115 05 ND 0.5 14.9 0.5 1.3 3.240 12.7 3.240 ND
Freon 11 N/A ND N/A ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
n-Heptane 8 ND 8 36.2 0.5 95.1 0.5 10.1 0.5 91.1 0.5 9.21 3.320 85.3 3.320 9.94
Hexane N/A 97.9 N/A 44 05 90.1 0.5 10.2 0.5 89.5 0.5 9.9 3.920 52.1 3.920 33.4
Isopropyl Alcohol 12 ND 12 ND N/A N/A N/A N/A N/A N/A N/A N/A 3.190 ND 3.190 ND
Methylene Chloride 8 ND 8 ND 25 14.4 25 6.54 25 12.1 25 6.26 5.640 ND 5.640 ND
Methyl Isobutyl Ketone (MIBK) N/A N/A N/A N/A 2.0 5.91 2.0 ND 2.0 5.82 2.0 ND 3.190 ND 3.190 ND
2-Propanol (IPA) N/A N/A N/A N/A 1.0 ND 1.0 ND 1.0 ND 1.0 ND N/A N/A N/A N/A
Propene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 101.000 3320 47.900 3980
Propylene N/A N/A N/A N/A 5.0 2910 5.0 1620 5.0 2870 5.0 1510 N/A N/A N/A N/A
Styrene 8 ND 8 ND 0.5 4.96 05 ND 05 6.9 0.5 ND 2.240 12.9 2.240 ND
Tetrachloroethene (PCE) 6 11 6 ND 0.5 8.32 0.5 0.95 0.5 8.97 0.5 0.86 N/A N/A N/A N/A
Tetrachloroethylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.620 6.64 3.620 ND
Toluene N/A 1630 N/A 18.6 5.0 1430 05 42.7 5.0 1570 0.5 40.4 53.400 7300 2.560 287
1,2,4-Trichlorobenzene 8 ND 8 ND 0.5 ND 0.5 ND 0.5 ND 0.5 ND 2.810 ND 3.560 ND
Trichloroethene (TCE) N/A 16.3 N/A 8.38 0.5 16.6 0.5 3.72 0.5 18.1 0.5 3.37 N/A N/A N/A N/A
Trichloroethylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3.810 9.21 3.810 10.6
Trichlorofluoromethane(F-11) N/A N/A N/A N/A 2.0 46 2.0 1.23 2.0 4.11 2.0 3.66 7.700 ND 7.700 ND
1,2,4-Trimethylbenzene 8 70.2 8 ND 0.5 385 0.5 1.57 0.5 56.7 0.5 6.49 3.560 67.1 3.560 ND
1,3,5-Trimethylbenzene 8 33 8 ND 05 18.8 05 0.44 05 23.9 0.5 1.82 4.430 34 4.430 ND
2,2,4-Trimethylpentane 8 ND 8 ND N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Vinyl Chloride 6 ND 6 ND 05 2.19 05 2.43 05 2.97 0.5 2.28 5.620 ND 5.620 ND
m & p-Xylene 8 91.6 8 ND 1.0 117 1.0 4.07 1.0 134 1.0 5.28 4.560 54.6 4.560 ND
o-Xylene 8 334 8 ND 05 40.2 05 2.19 0.5 45.6 0.5 2.48 4.370 21.6 4.370 ND
Total VOCs N/A 2,259 N/A 239 N/A 4,998 N/A 1,791 N/A 5,124 N/A 1,679 N/A 11,133 N/A 4,423
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VOC Data Summary
Plant 1 - Digester Gas Cleaning System

9/14/2010 1/13/2011 2/9/2011
Analyte OCsD OCsD OCsD
Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv) Inlet (ppbv) Outlet (ppbv)
Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt Rpt Lmt Amt
Acetone 4.820 7.29 4.640 14.2 4.820 19.6 4.990 15.2 4.820 8.69 4.640 ND
Benzene 4.370 10.40 4.210 23 4.370 12.10 4.520 5.57 4.370 11.40 4.210 ND
Carbon Disulfide 7.030 ND 6.780 7.22 7.030 ND 7.280 ND 7.030 ND 6.780 ND
Chlorobenzene 4.230 ND 4.080 ND 4.230 45 4.380 ND 4.230 ND 4.080 ND
Cyclohexane 4.280 4.91 4.130 9.71 4.280 ND 4.440 452 4.280 ND 4.130 ND
1,2-Dichlorobenzene 3.950 ND 3.810 ND 3.950 ND 4.090 ND 3.950 ND 3.810 ND
1,4-Dichlorobenzene 4.000 ND 3.860 ND 4.000 ND 4.150 ND 4.000 ND 3.860 ND
cis-1,2-Dichloroethene 3.440 41.2 3.320 82.3 3.440 35.5 3.570 61.1 3.440 31.8 3.320 29.1
trans-1,2-Dichloroethene 4.120 ND 3.970 ND 4.120 ND 4.260 ND 4.120 ND 3.970 ND
Ethanol 4.820 ND 4.640 ND 4.820 ND 4.990 ND 4.820 ND 5.720 ND
Ethyl Acetate 6.100 ND 5.890 ND 6.100 ND 6.320 ND 6.100 ND 5.890 ND
Ethylbenzene 3.780 92.7 3.640 13.2 3.700 58 3.920 ND 3.780 61.2 3.640 22.2
4-Ethyltoluene 3.360 23.2 3.240 ND 3.360 30.3 3.480 ND 3.360 23.6 3.240 ND
Freon 11 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
n-Heptane 3.440 106 3.320 86 3.440 63.9 3.570 46.6 3.440 57.8 3.320 10.9
Hexane 4.060 57.2 3.920 130 4.060 27 4.200 47.6 4.060 311 3.920 13.4
Isopropyl Alcohol 3.300 ND 3.190 ND 3.300 ND 3.420 ND 3.300 ND 3.190 ND
Methylene Chloride 5.850 ND 5.640 ND 5.850 11.6 6.060 16.3 5.850 9.32 5.640 8.19
Methy! Isobutyl Ketone (MIBK) 3.300 ND 3.190 ND 3.300 451 3.420 ND 3.300 4.38 3.190 ND
2-Propanol (IPA) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Propene 50.200 3730 48.800 4100 50.900 2410 51.500 2370 49.900 2820 48.400 2370
Propylene N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Styrene 2.320 9.27 2.240 ND 2.320 8.06 2.410 ND 2.320 6.83 2.240 ND
Tetrachloroethene (PCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tetrachloroethylene 3.750 ND 3.620 ND 3.750 ND 3.890 ND 3.750 ND 3.620 ND
Toluene 26.500 2690 25.700 2860 26.900 1090 2.760 9.72 26.300 1900 25.600 377
1,2,4-Trichlorobenzene 2.910 ND 2.810 ND 2.910 ND 3.020 ND 2.910 ND 2.810 ND
Trichloroethene (TCE) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Trichloroethylene 3.950 8.06 3.810 26.5 3.950 21.4 4.090 9.21 3.950 9.34 3.910 5.18
Trichlorofluoromethane(F-11) 7.980 ND 7.700 ND 7.980 ND 8.260 ND 7.980 ND 7.700 ND
1,2,4-Trimethylbenzene 3.700 104 3.560 ND 3.700 99 3.830 ND 3.700 101 3.560 ND
1,3,5-Trimethylbenzene 4.590 38.3 3.240 ND 4.590 33.2 4.760 ND 4.590 33.2 4.430 ND
2,2,4-Trimethylpentane N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Vinyl Chloride 5.820 ND 5.620 ND 5.820 ND 6.030 ND 5.820 ND 5.620 ND
m & p-Xylene 4.730 159 4.560 ND 4.730 111 4.900 6.41 4.730 102 4.560 311
o-Xylene 4.540 57.8 4.370 ND 4.540 38 5.890 ND 4.540 34.1 4.370 ND
Total VOCs N/A 7,139 N/A 7,352 N/A 4,078 N/A 2592 N/A 5,246 N/A 2867
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Speciated Siloxane and Hydrogen Sulfide Sampling Summary



Plant 1 - Digester Gas Cleaning System

Digester Gas Sampling Summary

: H2S
Vﬁ?upr;(;x:)r:ét:s Total Siloxane OCsD OoCsD
Date of Treated AQMD 307-91 Draeger Tube
Sampling (Million Cubic (ppmv) (ppmv) (ppmv)
Feet) Inlet Qutlet Inlet Outlet Inlet Outlet
3/16/2010 0.00 3.58 <MDL N/A N/A N/A N/A
4/7/2010 27.26 8.51 <MDL N/A N/A N/A N/A
4/21/2010 53.41 N/A N/A 25.70 ND 26 ND
4/29/2010 68.93 15.70 ND N/A N/A N/A N/A
5/11/2010 91.86 N/A N/A 31.70 0.263 31 ND
5/27/2010 122.58 2.67 0.015 N/A N/A N/A N/A
6/8/2010 144.70 N/A N/A 27.97 2.162 30 2
6/11/2010 146.46 8.49 0.248 N/A N/A N/A N/A
6/12/2010 Carbon media changed.
6/22/2010 18.44 N/A N/A 21.62 ND 27 -
6/29/2010 32.70 8.69 N/A N/A N/A N/A N/A
7/7/2010 46.34 N/A N/A 28.57 ND 25 N/A
7/21/2010 68.89 N/A N/A 24.87 ND 25 N/A
8/3/2010 90.04 N/A N/A 27.45 ND 25 N/A
8/12/2010 106.00 N/A N/A 28.19 ND 26 N/A
8/12/2010 106.00 3.73 ND N/A N/A N/A N/A
9/1/2010 137.15 4.57 <MDL N/A N/A N/A N/A
9/1/2010 137.15 N/A N/A 14.69 ND 14 N/A
9/14/2010 162.45 N/A N/A 23.01 0.545 23 N/A
9/15/2010 164.63 4.35 <MDL N/A N/A N/A N/A
9/17/2010 168.63 N/A N/A N/A N/A - 2.5
9/20/2010 173.62 5.73 <MDL N/A N/A N/A N/A
9/21/2010 Carbon media changed.
11/4/2010 43.40 5.23 N/A N/A N/A N/A N/A
1/12/2011 114.53 6.55 N/A N/A N/A N/A N/A
1/25/2011 137.78 N/A N/A 28.54 ND 27 N/A
2/9/2011 156.47 N/A N/A 31.87 1.755 30 N/A
2/9/2011 156.47 4.58 <MDL N/A N/A N/A N/A
2/14/2011 Carbon media changed.
2/23/2011 17.72 N/A N/A 24.46 ND 25 N/A
2/24/2011 20.09 6.64 N/A N/A N/A N/A N/A
Notes:

(1) All samples are taken using Tedlar Bags, except where otherwise noted as using Draeger® tubes f
(2) Inlet and outlet sample results from 5/19/10 are not accurate due to an error in collection,

indicated by high nitrogen composition (>5%), and are not included in the minimum, maximum

(3) Outlet sample results from 6/29/10 are not accurate due to an error in collection, indicated by high
nitrogen composition (>5%), and are not included in the minimum, maximum and average.

(4) Inlet and outlet sample results from AccuLabs on 8/12/10 are not accurate due to an error in
collection, indicated by high nitrogen composition (>5%), and are not included in the minimum,

(5) Sample results from 8/19/10 are not consistent with sample results from other laboratories and

are concluded to be erroneous and not included in the minimum, maximum and average.

(6) N/A indicates that the compound was not analyzed for.

(7) ND indicates non-detect.

(8) <MDL indicates that the result, if any, was less than the method detection limit.
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APPENDIX C-1:

CO and NOx with Portable Analyzer Summary



CO and NOx with Portable Analyzer Summary
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

Before Cat Ox After Cat Ox After SCR
Testing NH3 NOXx NOXx NOx
Date Load DG Time Draeger [CO (ppm) (ppm) Adj CO (ppm) (ppm) Adi CO (ppm) (ppm) Ad] 6{0) NOXx
(%) (%) (min) Tube Adj to to 15% Adj to to 15% Adj to to 15% Reduction | Reduction
(ppm) | 15% O2 02 15% 02 02 15% 02 02
3/29/2010 80 88 15 N/A 448.4 38.7 5.8 39.8 5.3 1.3 98.8% 96.6%
3/30/2010 82 95 15 N/A 453.0 33.5 0.1 34.2 3.3 4.9 99.3% 85.2%
3/31/2010 60 95 10 N/A 353.9 29.7 N/A N/A 4.0 1.4 98.9% 95.4%
3/31/2010 80 95 10 N/A 431.2 33.9 N/A N/A 9.2 4.5 97.9% 86.8%
3/31/2010 100 95 10 N/A 452.3 36.5 N/A N/A 0.0 6.7 100.0% 81.6%
3/31/2010 110 95 10 N/A 446.2 41.9 N/A N/A 0.3 5.8 99.9% 86.1%
3/31/2010 60 50 10 N/A 347.3 39.6 N/A N/A 13.8 7.3 96.0% 81.6%
3/31/2010 80 50 10 N/A 472.0 39.9 N/A N/A 11.5 6.0 97.6% 85.0%
3/31/2010 100 50 10 N/A 513.5 43.7 N/A N/A 15.7 6.8 97.0% 84.5%
3/31/2010 110 50 10 N/A 478.7 45.8 N/A N/A 34 9.3 99.3% 79.7%
4/1/2010 60 0 10 N/A 380.9 43.6 N/A N/A 0.6 0.9 99.8% 97.9%
4/1/2010 80 0 10 N/A 559.9 44.1 N/A N/A 1.3 1.3 99.8% 97.1%
4/1/2010 100 0 10 N/A 591.8 48.1 N/A N/A 6.0 10.2 99.0% 78.7%
4/1/2010 110 0 10 N/A 532.9 51.9 N/A N/A 1.3 11.4 99.8% 77.9%
4/7/2010 110 95 15 <MDL 367.5 46.2 1.7 47.3 1.6 10.1 99.6% 78.2%
4/14/2010 100 95 15 N/A 435.5 37.4 0.9 37.8 4.0 5.7 99.1% 84.8%
4/21/2010 90 95 15 <MDL 369.3 41.4 0 41.9 15 6.7 99.6% 83.8%
4/29/2010 94 95 15 <MDL 369.3 40.3 2.3 40.1 5.1 8.5 98.6% 78.8%
5/6/2010 100 95 15 <MDL 440.8 41.3 0.7 39.6 2.2 2.7 99.5% 93.5%
5/19/2010 100 95 15 <MDL 525.1 34.5 3.0 36.5 4.7 1.2 99.1% 96.5%
6/29/2010 100 97 15 <MDL 439.7 42.4 2.4 40.5 17.0 8.1 96.1% 81.0%
7/28/2010 95 97 15 <MDL 458.8 39.8 0.1 37.8 8.8 7.3 98.1% 81.7%
8/12/2010 100 96 15 <MDL 408.4 43.5 4.9 44.0 7.6 10.1 98.1% 76.7%
11/4/2010 100 96 15 <MDL 598.7 43.2 0.0 42.5 0.0 10.2 100.0% 76.3%
1/12/2011 100 96 15 <MDL 509.4 37.9 15.1 36.4 17.2 7.7 96.6% 79.7%
2/24/2011 100 95 15 <MDL 496.8 38.5 0.0 39.1 0.1 6.9 100.0% 82.1%
Notes:
(1) N/A indicates that this data was not collected.
(2) <MDL indicates that the result, if any, was less than the detection limit.
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Technical Memorandum

Date: July 13, 201

To: File

From: Kit Liang, Malcolm Pirnie, WHI; Daniel Stepner, Malcolm Pirnie, WHI
Re: OCSD Cat Ox/SCR Pilot Study: VOC Evaluation

Project No.: 0788-187

Project Background

The internal combustion (IC) engines at Orange County Sanitation District (OCSD) are
subject to South Coast Air Quality Management District (SCAQMD) Rule 1110.2. Rule
1110.2 provides emission limits and monitoring requirements for all stationary and
portable engines over 50 brake-horsepower (bhp). Rule 1110.2 (Emissions from
Gaseous- and Liquid- Fueled Engines) was promulgated to reduce the NOx, CO and
volatile organic compounds (VOC) emissions from engines over 50 bhp. On February 1,
2008, Rule 1110.2 was amended in order to achieve further emissions reductions from
stationary engines based on the cleanest available technologies. Under the February 2008
amendments to Rule 1110.2 shown below, more stringent NOx, CO, and VOC limits
were adopted, to become effective for biogas-fueled engines in July 2012 provided a
technology assessment confirms that the limits below are achievable.

M NOx limit was lowered from 36 ppm (or ~ 45 ppm*) to 11 ppm at 15% O,.
® VOC limit was lowered from 250 ppm™* to 30 ppm at 15% O..
M CO limit was lowered from 2,000 ppm to 250 ppm at 15% O..

* Existing limits allow for an alternative emission limit for OCSD engines based on the engine efficiency
correction factor.

A pilot study of a Johnson Matthey catalytic oxidizer/Selective Catalytic Reduction (Cat
Ox/SCR) system was performed at OCSD Plant 1 on Engine 1 from April 2010 through
March 2011. Design of the pilot system included an SCR system for NOx emission
reduction, an oxidation catalyst unit for CO and VOC reduction (including
formaldehyde), and a DGCS upstream from the I1C engines for removal of siloxanes to
prevent fouling of the catalysts. Additional benefits of the DGCS include the removal of
total reduced sulfur and total volatile organic compounds. The DGCS cleaned the
digester gas fuel for all three Plant 1 IC engines. However, the Cat Ox/SCR system was
only installed on Engine 1. As part of this pilot testing program, a sampling program was
initiated to determine the concentrations of VOCs at the inlet and outlet of the Cat
Ox/SCR system. The sampling was performed by SCEC, a firm listed in the SCAQMD
Laboratory Approval Program (LAP). The VOC sampling was performed using
SCAQMD Method 25.3.
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This memorandum describes the sampling method for VOCs used during the testing and
the VOCs concentration results. In addition, the memorandum compares the result found
for Engine 1 with results from a recent regulatory compliance study performed on
Engines 1, 2, and 3 at Plant 1.

VOC Sampling SCAQMD Method 25.3

The SCAQMD compliance methods for testing for VOCs are SCAQMD Methods 25.1
and 25.3. In general, SCAQMD Method 25.1 is used to collect samples where VOC
concentrations are greater or equal to 50 ppm as carbon (ppmC). SCAQMD Method 25.3
is used where VOC concentrations are less than 50 ppmC. With both methods, exhaust
gas samples are drawn into evacuated canisters through condensate traps. In Method
25.3, the condensate, largely consisting of water, is collected in the traps at ice water
temperature (~32°F), preventing unrecoverable VOC from being collected in the
canisters. Based on previous sampling, VOC concentrations in the exhaust gas are
expected to be below 50 ppm; therefore, SCAQMD Method 25.3 was used for this pilot
study. During the pilot study, exhaust samples are taken at the engine exhaust, prior to
the catalyst oxidizer, and at the stack exhaust, following the SCR and heat recovery
boiler. Analysis was performed at the laboratory.

The VOC concentration as non-methane non-ethane organic compounds (NMNEQOC) is
determined by combining the independent analysis results of the condensate in each trap
and the gas in the associated canister. The condensate is analyzed for total organic
carbon by liquid injection into an infra-red organic carbon analyzer. The gaseous sample
in the canister is analyzed for NMNEOC using a combination of gas chromatography,
oxidizer, methanizer, and flame ionization detector. Carbon monoxide and fixed gases
in the sample can be determined by analysis of the canister portion of the sample.

VOC Monitoring Results and Discussion

Pilot testing of the Cat Ox/SCR system commenced on April 1, 2010 and continued
through March 31, 2011. Throughout the pilot testing, SCEC tested VOCs at the engine
exhaust before the catalytic oxidizer and at the stack outlet after the SCR and heat
recovery boiler on the roof of the Central Generator (CenGen) Building. Results of the
VOC data are summarized in Table 1.

Table 1 presents a summary of the VOC field measurements using SCAQMD Method
25.3. The percent reduction of VOC ranged from 59.1% to 97.8%. The average
concentration of VOC at the stack exhaust was 3.58 ppmv, below the emission limit of 30
ppmv in the Amended Rule 1110.2.
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Table 1:
Measured VOC Concentrations — Plant 1 Engine 1
Engine Stack
Date Exhaust Exhaust % Reduction

(ppmv) (ppmv)

4/7/2010 27.1 2.0 90.4

5/11/2010 33.0 0.7 97.8

8/12/2010 15.1 5.4 64.0

11/4/2010 10.3 4.2 59.1

212412011 25.0 5.0 80.2

Average 21.8 3.6 83.6

Notes: 1. All concentrations are adjusted to 15% O,.
2. All samples were collected using SCAQMD Method 25.3

Data measured during the pilot testing period was compared to VOC concentrations
measured by SCEC for the OCSD Plant No. 1 Unit Nos. 1, 2, 3 Rule 1110.2 8760 Hour &
Permit Compliance Test Report for Year 2011. Table 2 summarizes the annual permit
compliance VOC test results for OCSD Plant No. 1. The Unit No. 1 (Engine 1) VOC
stack exhaust concentration measured during the annual Rule 1110.2 compliance testing
was 3.24 ppmv. This is in the same range of the VOC concentrations measured during
the pilot testing period, confirming the effectiveness of the catalytic oxidizer in removing
VOC from the engine exhaust.

Table 2:
Annual Rule 1110.2 Compliance Test VOC Concentrations - Plant No. 1
. . . Stack Exhaust
Date Unit No. (Engine Sampling Method
(Engine) phng (ppmv)
1/13/2011 1 SCAQMD Method 25.3 3.24
1/12/2011 2 SCAQMD Method 25.1 97.2
1/11/2011 3 SCAQMD Method 25.1 96.9

Note: 1. All concentrations are adjusted to 15% O,.

As discussed earlier, the DGCS was installed on the digester gas header and provides
cleaned digester gas fuel to all three IC engines. The Cat Ox/SCR post-combustion
control was installed on Engine 1, but not on Unit Nos. 2 and 3 (Engines 2 and 3). As
shown in Table 2, the VOC stack exhaust concentrations for Engines 2 and 3 were 97.2
and 96.9 ppmv, respectively. This was much higher than the VOC concentrations
measured at the Engine 1 exhaust before the Cat Ox/SCR system during the pilot testing
period, which averaged 21.84 ppmv VOCs. One possible explanation to this is the
arrangement of the sampling port at Engine No. 1 before the catalytic oxidizer. Due to
restrictions on placement of the Method 25.3 probe at the Engine No. 1 exhaust before
the Cat Ox/SCR system, accuracy in taking this sample is reduced. Typically using
sampling Method SCAQMD 25.3, two samples are gathered from two separate probes
and the results of the analyses are averaged. SCAQMD mandates that when the results
from the two samples differ by more than 20%, that the higher value of the two samples
be reported. In the experience of the SCEC lab, this occurs approximately half of the
time. Otherwise, the values are averaged.
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In this instance, the valve at the engine exhaust sampling port was not large enough to co-
locate two probes next to each other and it was not possible to expand the sampling port.
Therefore, the sample and duplicate sample were not taken at the same time, but one after
the other. The data presented in Table 2 above for the engine exhaust represents the
higher of the two sample data results, in line with AQMD’s general mandate. Despite the
lower accuracy in the engine exhaust sample, the sample taken at the stack exhaust met
the SCAQMD accuracy criteria. Moving forward, it is recommended to install a larger
sampling port to allow for greater accuracy through the co-location of the Method 25.3
probes.

Conclusions and Recommendations

Upon review of the data from the five sampling events, it was determined that the
catalytic oxidizer (with a DGCS) is successful in reducing the VOC concentration to
below the emission limit of 30 ppmv in Amended Rule 1110.2. The catalytic oxidizer
system met the vendor guarantee of 25 ppmvd VOCs. During the pilot testing period, the
average VOC inlet concentration at the engine exhaust was 21.8 ppmv, and the average
VOC outlet concentration at the stack exhaust was 3.6 ppmv. The VOC outlet
concentration was confirmed during the OCSD Plant No. 1 annual permit compliance
testing in January 2011 (see Table 2).

During the annual permit compliance testing in January 2011, it was also found that the
VOC concentration at the Engine Nos. 2 and 3 Stack Exhaust were 97.2 ppmv and 96.9
ppmv, respectively. This is much higher than that measured at the Engine No. 1 exhaust
before the catalytic oxidizer. This may have occurred due to restrictions with the Engine
No. 1 exhaust sample port. In the future, it is recommended to install a larger sampling
port at the engine exhaust.
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOXx NOXx CO Ammonia NOx NOx CO Load Load Ratio Notes

@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (% DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
4/1/2010 33.49 - 6.20 - 44.32 - 8.97 96.13 113.65 0% Note 1.
4/2/2010 31.28 - 5.70 - 34.35 - 6.28 96.84 100.74 96% Note 1.
4/3/2010 30.16 - 5.75 - 31.61 - 6.24 97.55 101.02 91% Note 1.
4/4/2010 30.05 - 5.82 - 32.05 - 6.33 96.80 103.18 83% Note 1.
4/5/2010 33.96 - 5.84 - 36.08 - 6.31 95.15 101.43 90% Note 1.
4/6/2010 34.03 - 5.78 - 37.00 - 6.73 94.82 100.79 74% Note 1.
4/7/2010 35.47 - 5.58 - 38.97 - 6.08 96.88 105.06 96% Note 1.
4/8/2010 32.89 - 5.93 - 37.44 - 7.87 91.57 101.69 94% Note 1.
4/9/2010 31.93 - 5.78 - 33.69 - 6.28 97.27 100.60 96% Note 1.
4/10/2010 31.49 - 5.93 - 33.18 - 6.34 96.90 100.78 92% Note 1.
4/11/2010 30.94 - 6.04 - 33.04 - 6.55 94.72 99.67 91% Note 1.
4/12/2010 31.69 - 6.05 - 34.34 - 6.71 88.29 96.25 88% Note 1.
4/13/2010 33.11 - 5.95 - 37.06 - 6.53 88.30 98.81 90% |Note 1.
4/14/2010 31.98 - 5.87 - 35.12 - 6.31 95.47 100.75 89% Note 1.
4/15/2010 31.09 - 5.98 - 34.46 - 6.37 97.02 100.38 90% Note 1.
4/16/2010 31.36 - 5.95 - 33.19 - 6.26 96.80 100.46 92% Note 1.
4/17/2010 30.94 - 5.92 - 32.69 - 6.25 97.66 104.81 93% Note 1.
4/18/2010 30.70 - 5.95 - 34.11 - 6.47 95.54 100.86 95% Note 1.
4/19/2010 30.28 - 6.09 - 33.10 - 6.81 90.86 99.29 88% Note 1.
4/20/2010 29.62 - 6.10 - 33.35 - 6.44 83.53 93.10 90% Note 1.
4/21/2010 33.03 - 5.61 - 34.76 - 5.88 95.39 100.22 93% Note 1.
4/22/2010 33.03 - 5.62 - 35.49 - 5.91 97.64 100.88 96% Note 1.
4/23/2010 33.73 - 5.87 - 35.89 - 7.05 96.10 100.84 96% Note 1.
4/24/2010 33.49 - 5.98 - 35.68 - 6.15 97.92 102.18 96% Note 1.
4/25/2010 30.79 - 6.18 - 32.34 - 6.54 96.58 100.34 91% Note 1.
4/26/2010 30.40 - 6.22 - 32.20 - 6.75 92.60 99.67 86% Note 1.
4/27/2010 31.10 - 6.13 - 32.92 - 6.83 95.33 101.54 86% Note 1.
4/28/2010 32.11 - 6.19 - 36.67 - 7.37 93.53 102.53 53% Note 1.
4/29/2010 35.53 - 5.67 - 38.83 - 6.40 98.71 107.61 96% Note 1.
4/30/2010 34.85 - 5.58 - 37.68 - 5.79 103.15 106.09 96% Note 1.
5/1/2010 32.93 - 5.78 - 34.68 - 6.00 102.47 106.53 96% Note 1.
5/2/2010 34.26 - 5.81 - 36.48 - 6.25 102.95 106.06 92% Note 1.
5/3/2010 34.39 - 6.18 - 42.06 - 9.72 96.31 105.57 53% |Note 1.
5/4/2010 32.80 - 5.97 - 34.46 - 6.53 92.11 100.49 0% Note 1.
5/5/2010 26.49 - 4.80 - 27.54 - 5.18 83.99 92.92 0% Note 1.
5/6/2010 32.64 - 5.19 - 35.45 - 5.81 102.76 106.54 0% Note 1.
5/7/2010 32.33 - 5.52 - 34.26 - 5.96 103.38 107.95 96%  |Note 1.
5/8/2010 32.14 - 5.66 - 34.01 - 6.13 103.18 106.94 85%  [Note 1.
5/9/2010 31.33 - 5.82 - 36.50 - 6.30 96.36 105.53 89%  [Note 1.
5/10/2010 3177 - 5.76 - 36.68 - 7.46 85.73 98.86 86%  [Note 1.
5/11/2010 33.55 - 5.59 - 38.04 - 6.35 97.79 106.06 89%  [Note 1.
5/12/2010 32.02 - 5.73 - 37.30 - 6.66 102.01 106.44 55% |Note 1.
5/13/2010 31.47 - 5.93 - 33.54 - 6.54 97.90 106.97 0% Note 1.
5/14/2010 33.74 - 5.68 - 35.92 - 5.94 102.47 107.02 87%  [Note 1.
5/15/2010 34.32 - 5.74 - 36.26 - 5.92 102.79 106.02 87%  [Note 1.
5/16/2010 32.94 - 5.77 - 35.24 - 6.25 103.30 106.55 87%  [Note 1.
5/17/2010 32.28 - 5.75 - 34.83 - 6.31 100.58 105.76 94%  |Note 1.
5/18/2010 30.24 - 5.90 - 34.62 - 6.57 100.79 106.94 96%  |Note 1.
5/19/2010 30.15 - 5.85 - 31.65 - 6.68 101.48 107.08 86%  [Note 1.
5/20/2010 31.29 - 5.88 - 34.10 - 6.42 103.01 107.64 90%  |Note 1.
5/21/2010 30.16 - 6.12 - 33.08 - 6.66 102.86 107.93 96%  |Note 1.
5/22/2010 32.54 - 5.84 - 35.08 - 6.09 103.12 106.52 90%  |Note 1.
5/23/2010 34.07 - 5.90 - 36.53 - 6.40 102.80 107.51 93% |Note 1.
5/24/2010 32.96 - 5.99 - 36.36 - 6.39 102.46 109.29 90%  |Note 1.
5/25/2010 30.21 - 5.98 - 33.13 - 6.43 98.64 107.62 91% |Note 1.
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOx NOx CcO Ammonia NOx NOx CcO Load Load Ratio Notes
@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)
(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
5/26/2010 31.18 - 6.06 - 33.84 - 6.44 101.02 107.79 90% Note 1.
5/27/2010 32.54 - 6.62 - 42.79 - 7.39 107.57 116.77 0% Note 1.
5/28/2010 32.54 - 7.13 - 36.76 - 7.87 108.29 112.89 90% Note 1.
5/29/2010 33.32 - 7.21 - 38.06 - 8.14 108.48 113.00 90% Note 1.
5/30/2010 32.29 - 7.14 - 37.57 - 7.81 105.35 111.41 95% Note 1.
5/31/2010 32.38 - 7.09 - 34.35 - 7.85 102.68 110.76 93% Note 1.
6/1/2010 32.12 - 7.08 - 34.42 - 7.70 99.23 106.01 91% Note 1.
6/2/2010 32.10 - 7.12 - 35.69 - 7.82 99.22 109.84 92% Note 1.
6/3/2010 32.60 - 7.21 - 35.06 - 7.62 102.76 106.04 90% Note 1.
6/4/2010 31.77 - 7.65 - 34.64 - 8.26 102.72 107.91 90% Note 1.
6/5/2010 30.68 - 8.03 - 33.03 - 8.47 102.76 106.89 0% Note 1.
6/6/2010 31.73 - 8.66 - 33.23 - 9.22 103.14 106.57 90% Note 1.
6/7/2010 29.42 - 8.50 - 34.22 - 10.27 92.20 107.57 87% Note 1.
6/8/2010 28.04 3.67 8.82 5.25 30.71 6.70 10.15 89.57 106.09 93% |Urea injection set points modified to reduce ammonia slip.
6/9/2010 29.08 5.14 11.05 1.75 30.72 6.98 12.65 100.68 108.52 90%
6/10/2010 29.03 4.96 14.33 1.38 32.07 6.50 17.45 103.62 107.96 90%
6/11/2010 35.28 8.58 14.73 3.66 39.35 10.49 17.69 88.07 107.98 0%
6/12/2010 35.15 8.40 13.39 2.46 41.26 13.87 16.32 87.35 104.66 0% Engine operated on Natural Gas from 17:26 to 17:31.
6/13/2010 28.12 4.80 10.94 1.31 30.63 6.24 12.90 92.08 101.85 96%
The CEMS failed calibration repeatedly (both NOx and CO low range were out of
6/14/2010 27.52 4.87 9.13 1.21 29.15 6.22 9.61 85.14 94.49 54% |control). Adjustments were made to bring it back into calibration (Note 2).
6/15/2010 28.04 4.60 9.54 1.12 32.15 6.77 11.00 91.91 99.76 87%
6/16/2010 30.75 5.59 9.59 1.13 35.26 7.78 10.36 97.30 107.73 81%
6/17/2010 30.87 5.62 9.92 1.15 34.07 7.32 10.61 103.26 105.74 96%
6/18/2010 29.87 4.94 9.90 0.97 31.55 6.03 10.60 101.24 105.90 96%
6/19/2010 31.23 6.02 9.03 1.34 33.29 7.23 9.56 97.62 101.06 96%
6/20/2010 32.09 6.44 8.69 1.74 34.59 7.71 9.19 97.83 102.80 96%
6/21/2010 34.17 7.36 8.40 1.69 36.50 9.06 9.07 99.29 103.92 91%
6/22/2010 33.88 7.24 8.42 2.15 37.69 8.89 9.11 98.75 106.15 90%
6/23/2010 33.03 6.83 8.28 2.11 36.24 8.99 9.10 97.58 104.97 94%
Urea injection shut off for urea delivery and level sensor calibration from 8:08 to 9:22
6/24/2010 32.86 6.89 8.65 2.40 36.61 9.15 9.41 102.87 106.83 96% (Note 3).
6/25/2010 32.53 6.83 8.91 2.09 34.24 7.73 9.31 103.43 106.78 92%
6/26/2010 33.67 7.61 8.40 3.11 38.08 8.94 8.93 103.06 105.96 94%
6/27/2010 33.46 788 821 439 38.36 5.96 8.89 103.32 106.45 98% CEMS inlet sample flow alarm occurred C§using invalid daté. CEMTEK technigian
responded and found sample pump to be in need of a rebuild. Necessary repairs were
6/28/2010 34.80 7.67 8.38 2.47 36.82 9.10 8.98 103.11 106.70 98%  |made.
6/29/2010 34.16 7.61 8.46 1.98 36.75 8.95 9.29 103.41 108.30 93%
6/30/2010 34.39 7.83 8.09 3.01 37.94 10.29 9.57 99.16 110.60 85%
7/1/2010 34.16 7.43 7.83 2.14 35.40 8.14 7.91 93.56 95.94 92%
7/2/2010 N/A N/A N/A N/A 0.00 N/A N/A N/A N/A 0% The engine experience high NOx inlet at the engine exhaust due to a new automation
7/3/2010 N/A N/A N/A N/A 0.00 N/A N/A N/A N/A 0% issue, which in turn caused high NOx at the stack outlet (Note 4).
7/4/2010 36.43 8.74 8.02 2.06 39.94 10.37 9.18 99.37 105.85 90%
7/5/2010 35.95 8.30 8.13 2.37 39.78 10.33 9.24 100.91 105.97 89%
7/6/2010 34.81 7.86 7.80 2.21 38.84 9.78 9.13 97.97 105.00 0% Note 2.
7/7/2010 33.89 7.49 7.47 2.68 37.70 9.38 8.32 93.48 100.26 92%
7/8/2010 32.69 6.79 8.18 1.86 36.29 8.77 9.23 97.97 107.36 83%
7/9/2010 32.07 6.43 8.70 1.32 34.42 7.76 9.33 97.63 99.70 83%
7/10/2010 32.57 6.70 8.22 1.68 35.97 8.18 9.27 97.70 101.85 83%
7/11/2010 31.92 6.56 8.09 1.56 36.21 8.52 9.15 92.72 99.52 87%
7/12/2010 32.69 7.23 7.72 1.86 37.08 9.47 8.95 90.23 97.66 89%
7/13/2010 33.00 7.19 7.79 2.12 36.37 8.91 8.93 96.10 101.79 88%
7/14/2010 33.28 7.38 7.71 2.04 38.59 10.02 8.82 93.08 99.29 91%
7/15/2010 33.49 7.34 7.93 2.26 37.32 9.50 8.58 98.93 103.17 97%
7/16/2010 31.95 6.75 8.23 1.67 33.71 7.98 8.88 98.17 103.58 87%
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOXx NOXx CO Ammonia NOx NOx CO Load Load Ratio Notes

@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
7/17/2010 33.16 7.43 7.87 2.39 37.15 9.46 9.08 93.85 105.06 89%
7/18/2010 32.37 7.02 7.83 2.02 35.65 9.00 8.90 94.85 101.40 90%
7/19/2010 32.74 7.22 7.91 2.46 36.69 9.50 9.16 95.15 101.60 88%

The engine was brought offline at the request of the OCSD's contractor who is
7/20/2010 32.05 6.86 7.80 39.38 36.12 10.44 11.46 94.30 100.26 0% performing electrical upgrades (Note 2).
7/21/2010 32.46 6.85 7.99 1.88 34.65 7.73 8.99 98.29 102.81 94%
7/22/2010 32.78 6.99 7.97 2.15 35.41 8.30 9.11 95.07 102.88 87%
7/23/2010 30.76 5.96 8.36 1.75 33.43 7.40 9.44 95.39 99.27 87%
7/24/2010 31.02 6.42 8.42 7.59 34.77 9.33 42.23 93.60 118.80 0% Note 2.
7/25/2010 32.71 6.94 8.02 3.26 37.17 9.35 9.29 97.57 102.19 89%
7/26/2010 34.25 7.62 7.55 100.43 41.43 9.23 8.48 96.06 107.34 0% Note 2.
7/27/2010 32.69 6.99 7.57 2.16 38.25 9.15 8.49 92.14 99.98 87%
7/28/2010 32.15 6.88 7.74 3.47 35.77 8.68 9.26 93.20 112.96 0% Note 2.
7/29/2010 32.04 7.22 6.61 2.48 34.72 8.63 8.44 93.08 99.08 0% Note 2.
7/30/2010 30.92 6.71 6.38 2.07 32.76 7.60 6.67 94.17 101.75 90%
7/31/2010 30.03 6.34 6.48 2.73 31.93 7.27 7.61 92.62 100.70 90%
8/1/2010 30.79 6.69 6.64 2.84 33.38 8.17 7.67 93.19 104.33 90%
8/2/2010 31.93 7.34 6.42 2.42 36.03 9.55 7.36 91.59 97.50 89%
8/3/2010 32.58 7.68 6.26 25.61 36.79 9.42 7.44 92.77 99.37 0% Note 2.
8/4/2010 32.44 7.78 6.18 10.42 34.43 9.34 7.31 94.30 98.94 0% Note 2.
8/5/2010 31.95 7.25 6.51 3.20 35.74 9.00 13.21 89.75 99.70 0% Note 2. High Stack Exhaust NOx due to Natural Gas fuel.
8/6/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
8/7/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
8/8/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Engine was offline from 8/5/10 16:09 through 8/11/10 7:48.
8/9/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
8/10/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
8/11/2010 34.39 9.27 6.08 3.49 37.74 10.98 6.88 90.62 95.53 0% Note 2.
8/12/2010 34.01 8.74 6.41 3.19 37.25 10.07 7.49 93.14 102.71 0%
8/13/2010 32.57 8.41 6.40 3.06 37.04 11.15 7.02 85.86 97.19 97%
8/14/2010 33.00 8.53 6.38 3.91 37.21 10.60 7.03 86.13 92.47 96%
8/15/2010 31.66 7.74 6.73 3.24 35.65 9.73 7.53 86.67 94.22 84%
8/16/2010 32.48 8.43 6.52 3.42 37.09 11.79 7.34 82.17 86.64 0% Note 2.
8/17/2010 32.96 8.93 6.48 3.45 37.66 11.46 7.01 84.22 91.31 0% Note 2.
8/18/2010 34.78 9.68 6.46 4.98 40.13 12.49 6.99 90.49 97.30 0% High Stack Exhaust NOx due to Natural Gas fuel.
8/19/2010 33.37 8.98 6.70 3.88 37.98 12.01 7.22 90.84 105.13 0% High Stack Exhaust NOx due to Natural Gas fuel.
8/20/2010 33.29 8.98 6.55 5.40 38.36 11.54 7.31 91.00 95.18 90%  |High Stack Exhaust NOx due to Natural Gas fuel.
8/21/2010 33.27 8.80 6.63 5.09 37.79 10.62 7.58 92.52 96.82 88%
8/22/2010 32.57 8.36 6.71 4.44 37.77 11.61 7.57 90.78 98.04 87%
8/23/2010 32.37 8.33 6.80 5.17 38.56 12.47 7.69 86.52 107.28 87%
8/24/2010 29.99 7.10 6.83 3.93 37.32 12.07 7.72 80.59 105.53 0% High Stack Exhaust NOx due to Natural Gas fuel.
8/25/2010 30.34 7.17 6.62 4.24 37.22 11.50 7.48 85.12 107.70 0% High Stack Exhaust NOx due to Natural Gas fuel.
8/26/2010 29.45 6.37 6.92 3.98 34.92 9.43 7.51 87.33 105.39 86%
8/27/2010 29.78 6.58 6.82 3.11 35.83 9.86 7.57 86.61 103.34 84%
8/28/2010 30.79 7.18 6.75 3.30 36.03 10.15 7.15 86.40 100.08 90%
8/29/2010 30.77 7.03 6.85 4.73 36.72 10.26 7.82 85.69 100.49 84%
8/30/2010 29.61 6.07 7.11 1.88 35.04 9.48 8.06 79.22 99.68 0% Note 2.
8/31/2010 29.05 5.76 7.07 5.45 35.34 9.77 7.77 78.41 97.15 0% Note 2.
9/1/2010 33.39 8.60 6.69 4.19 40.53 14.28 7.51 87.49 106.41 84%
9/2/2010 32.65 8.22 6.77 6.03 39.58 13.23 7.54 84.66 99.47 84%
9/3/2010 32.90 8.40 6.63 8.72 39.26 12.82 7.07 89.29 109.77 91%
9/4/2010 33.26 8.65 6.61 5.38 38.50 11.94 7.43 90.48 107.93 86%
9/5/2010 30.00 6.86 7.14 2.32 35.04 9.24 7.90 83.59 99.00 2%
9/6/2010 29.93 6.56 7.48 1.93 32.05 7.69 7.98 80.49 90.32 69%
9/7/2010 31.27 7.36 7.27 2.65 33.15 8.54 7.75 79.44 83.96 71%
9/8/2010 35.14 9.79 6.52 5.14 42.28 15.88 7.21 87.84 107.84 90%
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOx NOx CcO Ammonia NOx NOx CcO Load Load Ratio Notes

@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
9/9/2010 32.88 9.10 6.51 11.65 41.40 13.94 7.21 91.86 107.79 91%
9/10/2010 31.34 8.32 6.78 6.44 37.96 12.85 7.26 91.29 108.76 90%
9/11/2010 29.43 7.26 6.89 4.87 33.60 9.66 7.51 86.16 105.12 86%
9/12/2010 28.30 6.60 7.12 3.58 32.01 8.68 7.70 84.15 100.06 84%
9/13/2010 28.95 6.89 7.27 3.96 33.22 9.30 7.90 82.00 97.27 78%
9/14/2010 29.73 7.52 7.10 4.40 38.04 13.94 9.50 84.29 99.48 22%
9/15/2010 31.12 8.14 6.94 5.71 35.50 11.23 7.39 96.23 108.48 92%
9/16/2010 31.08 8.35 6.84 7.25 39.84 15.22 7.35 93.14 108.14 82%
9/17/2010 31.23 8.67 6.76 6.46 36.62 11.98 9.99 91.46 110.09 0%
9/18/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Engine was offline from 9/17/10 17:04 through 9/20/10 8:32.
9/19/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
9/20/2010 31.34 7.02 7.65 2.28 32.94 7.66 9.02 71.18 73.79 0% Note 2.
9/21/2010 26.63 5.42 6.19 2.28 27.52 6.25 7.07 75.34 78.16 0% Note 2.
9/22/2010 31.30 8.83 6.33 6.79 36.26 13.07 6.92 93.35 108.12 95%
9/23/2010 31.26 8.62 6.52 6.13 36.23 12.79 7.10 96.28 108.32 98%
9/24/2010 28.18 6.71 6.84 4.96 33.98 10.56 7.30 93.68 108.80 90%
9/25/2010 27.04 6.35 6.68 3.71 29.74 8.06 7.15 83.96 103.31 92%
9/26/2010 27.99 6.91 6.57 6.63 31.71 9.43 7.21 80.01 92.42 94%
9/27/2010 28.73 7.14 6.69 4.94 34.90 12.61 7.70 81.03 97.24 85%
9/28/2010 27.94 6.54 6.96 7.53 34.81 11.63 7.62 75.23 86.85 84%
9/29/2010 28.91 7.65 6.80 9.74 33.59 10.20 7.48 81.73 91.75 81%
9/30/2010 29.53 8.16 6.47 7.19 36.18 13.61 6.91 93.46 106.94 90%
10/1/2010 27.07 6.68 6.58 5.20 29.46 8.08 7.00 83.91 92.78 89%
10/2/2010 26.23 6.11 6.62 7.69 31.27 9.76 7.11 85.34 108.61 91%
10/3/2010 25.86 5.71 6.65 3.04 28.55 7.08 7.14 82.10 98.20 90%
10/4/2010 28.04 6.72 6.90 8.24 32.57 9.05 8.18 74.60 87.54 89%
10/5/2010 28.81 6.89 6.83 7.19 33.02 10.71 8.00 72.84 83.41 89%
10/6/2010 29.44 7.30 6.59 5.16 33.33 9.77 7.30 76.33 90.18 94%
10/7/2010 29.43 7.25 6.66 14.29 32.75 9.50 7.31 76.26 91.66 95%
10/8/2010 28.77 7.11 6.51 3.99 33.08 9.84 7.05 79.63 93.66 96%
10/9/2010 28.78 7.31 6.47 4.17 32.12 9.47 6.90 85.42 99.26 98%
10/10/2010 27.43 6.54 6.36 4.29 31.20 8.63 6.86 84.93 103.80 98%
10/11/2010 27.52 6.30 6.45 3.76 33.05 8.60 7.23 79.05 101.14 93%
10/12/2010 26.54 N/A 6.40 N/A 29.19 N/A 6.83 76.03 86.49 0%
10/13/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/14/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/15/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/16/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/17/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/18/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/19/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/20/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/21/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Engine was shut down at 8:40 due to lack of low range calibration gas for the Stack
10/22/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Exhaust CEMS monitor. Data is missing from 16:02 to 17:06.
10/23/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/24/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/25/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/26/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/27/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/28/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/29/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/30/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
10/31/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
11/1/2010 28.67 6.50 7.49 3.13 31.86 9.42 8.49 75.34 96.94 0% Note 2.
11/2/2010 28.19 6.54 7.54 4.81 33.32 9.67 8.06 74.82 83.23 89%
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOx NOx CcO Ammonia NOx NOx CcO Load Load Ratio Notes
@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
11/3/2010 30.47 8.48 7.30 6.92 34.59 10.70 8.08 84.85 107.53 95%
11/4/2010 31.14 8.99 7.19 7.27 34.38 10.70 7.68 91.85 109.16 93%
11/5/2010 30.89 8.88 7.14 5.73 34.94 11.50 8.30 89.41 105.72 98%
11/6/2010 28.41 7.19 7.19 6.18 32.85 10.10 8.08 85.70 96.36 88%
11/7/2010 28.75 7.39 7.16 4.18 33.17 9.76 8.08 87.11 104.47 90%
11/8/2010 30.20 8.10 6.93 5.35 37.51 13.37 8.61 90.50 105.21 48%
11/9/2010 29.42 7.56 6.90 5.04 32.09 9.39 7.46 81.89 96.84 88%
11/10/2010 27.07 6.11 7.01 2.81 29.85 8.39 7.61 79.84 97.91 92%
11/11/2010 31.51 8.89 6.60 7.53 36.58 13.76 7.47 83.93 94.48 92%
11/12/2010 31.50 8.90 6.86 5.30 37.28 13.42 7.62 88.38 102.32 98%
11/13/2010 30.19 8.12 6.83 7.52 32.92 9.48 7.38 88.97 98.93 92%
11/14/2010 28.00 6.92 7.06 6.65 32.41 8.95 7.98 80.73 91.53 90%
11/15/2010 29.03 7.45 6.94 5.45 33.72 10.72 7.72 80.10 92.11 86%
11/16/2010 28.04 7.06 6.87 3.45 43.68 13.94 7.92 88.64 102.38 0% Note 2.
11/17/2010 24.94 5.16 7.08 1.84 26.49 6.38 7.76 82.87 89.68 0% Note 2.
11/18/2010 25.33 5.25 7.09 4.72 28.62 7.14 7.74 83.83 102.51 0% Note 2.
11/19/2010 26.67 6.58 7.00 4.28 32.24 12.23 7.82 84.51 95.55 73%
11/20/2010 26.91 6.40 6.92 3.96 32.90 10.08 7.68 88.49 95.64 90%
11/21/2010 26.92 6.21 7.00 3.63 31.24 8.02 7.93 79.79 91.55 91%
11/22/2010 28.97 7.23 6.83 3.81 32.02 8.49 7.64 80.99 98.00 94%
11/23/2010 28.19 6.83 6.65 3.49 31.73 9.26 7.24 84.08 97.69 98%
11/24/2010 29.29 7.56 6.63 7.10 33.61 9.78 7.18 90.65 106.51 98%
11/25/2010 31.81 8.98 6.51 5.52 34.83 10.43 7.06 90.37 96.97 0% Note 2.
11/26/2010 33.06 9.83 6.51 5.39 36.68 12.59 7.11 90.34 100.05 94%
11/27/2010 31.95 9.09 6.49 7.26 36.87 11.96 7.01 88.59 97.10 92%
11/28/2010 31.77 8.99 6.55 7.36 35.35 11.16 7.46 85.58 96.93 93%
11/29/2010 30.94 8.22 6.68 3.65 34.51 9.98 7.49 83.60 97.89 0%
11/30/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/1/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/2/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/3/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/4/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/5/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/6/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/7/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/8/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/9/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/10/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/11/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/12/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/13/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/14/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Engine offline on 11/29/10 at 15:29 through 12/29/10 at 11:57.
12/15/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/16/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/17/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/18/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/19/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/20/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/21/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/22/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/23/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/24/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/25/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/26/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/27/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction
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Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOXx NOXx CO Ammonia NOx NOx CO Load Load Ratio Notes

@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
12/28/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
12/29/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% NOXx probe at Engine Exhaust offline. The engine was not out of compliance and
12/30/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% continued to run despite high NOx at the stack exhaust.
12/31/2010 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
1/1/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% After restart of the system on 12/29/10, plant operators had isolated and not checked the
1/2/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% urea injection system. Once checked, the urea supply line was isolated, the urea pump
1/3/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% noisy, the air supply to the injection lance was isolated, and the urea filter housing was
1/4/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% leaking. Johnson Matthey replaced the #1 urea pump on 1/13/11 (Note 4).
L/572011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0% Engine offline to relocate engine exhaust NOx probe and replace umbilical line.
1/6/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%

Urea injection was not turned on until 1 hour after engine start-up, data for the hour
when the urea system was not online plus 30 minutes of start-up time is excluded from
1/7/2011 31.43 7.75 7.43 3.34 32.61 8.39 7.76 104.77 107.37 96% [the data set (Note 3).
1/8/2011 31.05 7.35 7.63 2.57 32.70 8.42 8.05 102.22 106.83 95%
1/9/2011 30.36 7.13 7.16 1.87 33.10 9.12 7.84 88.25 103.01 90%
1/10/2011 30.98 7.45 7.02 2.26 34.84 9.52 7.50 84.08 96.68 94%
1/11/2011 32.83 8.21 7.13 2.66 38.26 12.38 7.97 93.99 109.26 85%
1/12/2011 31.94 7.33 7.70 1.96 34.05 9.25 8.22 100.93 107.27 96%
1/13/2011 30.20 6.29 7.72 1.79 32.40 7.88 8.77 95.71 108.38 96%
1/14/2011 32.85 7.97 7.59 2.64 35.06 9.50 8.06 104.41 108.41 96%
1/15/2011 31.76 7.65 7.52 2.30 34.36 9.47 8.40 99.59 108.97 95%
1/16/2011 30.89 7.16 8.14 2.01 32.24 8.08 8.73 103.93 110.94 98%
1/17/2011 29.99 6.82 7.76 2.13 35.39 9.30 8.56 96.90 105.58 81%
1/18/2011 29.70 6.77 7.59 2.49 32.44 8.50 8.38 94.12 106.01 90%
1/19/2011 27.21 4.94 7.35 1.59 31.53 7.73 8.14 84.34 103.41 93%
1/20/2011 30.55 7.39 7.21 13.98 35.22 11.59 7.93 86.34 101.04 91%
1/21/2011 29.15 6.87 7.51 3.58 33.64 9.89 8.38 87.00 93.08 98%
1/22/2011 26.97 5.23 7.45 1.60 30.15 7.37 8.44 85.37 96.58 97%
1/23/2011 29.30 6.81 7.15 2.33 32.08 8.56 7.96 84.82 96.24 98%
1/24/2011 29.55 6.73 7.01 2.49 32.13 8.12 8.05 78.79 92.24 87%
1/25/2011 29.54 6.13 7.54 2.68 32.04 7.78 8.41 70.52 85.60 70%
1/26/2011 31.52 7.78 6.99 3.18 34.94 9.54 8.05 87.50 108.13 86%
1/27/2011 30.33 741 7.15 2.34 33.96 8.76 7.77 86.61 106.21 96%
1/28/2011 29.42 6.73 7.56 2.37 32.77 8.88 8.16 92.70 107.40 96%
1/29/2011 26.64 4.59 7.83 0.96 29.23 6.26 8.37 88.57 97.08 96%
1/30/2011 26.98 5.02 7.08 1.03 28.37 6.04 7.56 80.00 86.47 94%
1/31/2011 28.13 5.45 7.26 2.24 36.23 10.64 8.80 75.28 91.23 7%
2/1/2011 28.53 5.75 7.32 2.79 32.14 7.92 8.48 73.98 84.95 87%
2/2/2011 33.07 7.86 7.06 5.22 38.46 11.02 8.07 71.26 78.57 88%
2/3/2011 29.41 6.08 7.14 1.60 32.47 7.39 7.71 80.11 87.92 94%
2/4/2011 28.76 5.60 7.90 1.42 32.21 7.37 8.90 92.09 104.87 93%
2/5/2011 27.35 5.33 7.83 0.93 29.39 6.31 8.46 88.44 96.01 91%
2/6/2011 26.70 4.30 7.87 2.09 28.72 6.37 8.61 80.20 84.32 83%
2/7/2011 28.87 6.01 7.70 1.25 30.14 7.24 8.18 80.59 84.04 0%
2/8/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
2/9/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
Zﬁ’ggﬁ wﬁ wﬁ wﬁ Eﬁﬁ wﬁ wﬁ wﬁ wﬁ wﬁ 822 Engine offline 2/7/11 9:48 to 2/14/11 17:08 to change DGCS carbon media.
2/12/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
2/13/2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 0%
2/14/2011 29.60 7.32 6.76 5.31 31.62 10.02 7.71 90.54 97.53 0% Note 2.
2/15/2011 29.97 7.00 7.40 2.70 34.01 8.68 7.93 95.74 106.86 98%
2/16/2011 29.37 6.58 7.55 2.65 33.09 8.65 8.24 98.00 105.83 98%
2/17/2011 32.25 8.07 7.48 3.30 34.04 9.81 8.23 104.74 111.50 98%
2/18/2011 31.24 7.53 7.82 2.31 33.91 9.15 8.54 106.56 111.92 98%
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Validated Daily 15-Minute Block Average
Daily Average and Maximum Emissions Summary Data from CEMS
Plant 1 - Catalytic Oxidizer and Selective Catalytic Reduction

Avg. Engine Average Maximum Maximum Maximum Average Max Average
Exhaust Stack Exhaust Engine Exhaust Stack Exhaust Engine Engine Fuel
Date NOx NOx CcO Ammonia NOx NOx CcO Load Load Ratio Notes

@15% 02 | @15% 02 | @15%02 Slip @15% 02 @15% 02 | @15%02 %) %) (%DG)

(ppmvd) (ppmvd) | (ppmvd) (ppmvd) (ppmvd) | (ppmvd)
2/19/2011 30.92 7.36 7.55 2.81 33.90 9.76 8.31 102.93 110.40 98%
2/20/2011 29.65 6.85 7.06 2.09 32.21 8.18 7.83 91.32 103.02 96%
2/21/2011 29.49 6.57 6.81 3.01 34.00 8.82 7.57 81.64 91.69 93%
2/22/2011 29.82 6.69 6.69 1.67 32.47 8.87 7.38 82.92 94.52 98%
2/23/2011 31.09 7.21 7.18 1.64 33.45 8.16 7.92 99.43 109.78 98%
2/24/2011 31.65 7.30 7.47 1.73 34.03 8.36 8.49 102.95 110.44 98%
2/25/2011 33.13 8.13 7.39 4.04 34.16 9.47 7.71 106.44 111.02 0%
2/26/2011 31.50 7.57 7.07 2.48 33.15 8.55 7.76 101.16 110.09 98%
2/27/2011 33.42 8.34 6.97 2.93 36.58 10.04 7.36 100.53 108.17 98%
2/28/2011 31.80 7.81 6.86 3.10 36.29 9.77 7.51 90.10 107.79 95%
3/1/2011 30.14 6.79 7.14 2.65 32.51 9.02 7.88 91.95 105.72 98%
3/2/2011 29.41 6.16 7.89 2.23 37.66 8.02 8.71 97.69 107.61 0% Note 2.
3/3/2011 27.86 5.47 8.17 1.59 29.72 6.73 8.74 96.80 107.33 94%
3/4/2011 28.83 6.08 8.46 1.39 30.85 7.23 8.87 102.94 110.40 98%
3/5/2011 29.09 6.35 8.42 2.79 31.91 8.58 9.06 102.87 109.47 98%
3/6/2011 26.63 5.01 7.89 1.43 28.70 6.04 8.86 91.24 102.92 95%
3/7/2011 27.81 6.04 7.38 3.36 32.91 9.41 8.20 89.45 100.37 98%
3/8/2011 28.03 6.00 7.69 2.04 30.45 7.55 8.68 91.40 103.44 98%
3/9/2011 27.70 5.78 7.74 1.63 28.67 6.37 8.21 91.79 96.55 0% Note 2.
3/10/2011 26.98 5.87 7.92 2.28 28.96 7.08 8.73 93.76 101.35 0% Note 2.
3/11/2011 27.73 6.20 7.84 2.26 29.32 7.36 8.68 93.95 102.83 98%
3/12/2011 28.37 6.49 7.67 2.08 29.98 7.32 8.58 94.09 106.19 97%
3/13/2011 28.04 6.55 7.24 2.32 30.87 7.94 7.92 86.38 94.42 96%
3/14/2011 29.04 7.21 7.16 5.04 31.84 9.62 7.70 87.02 93.44 0% High NOXx at the stack exhaust was due to a plugged urea injection lance (Note 4).
3/15/2011 28.24 6.44 7.60 2.99 29.70 7.59 8.40 92.96 101.85 98%
3/16/2011 28.44 6.31 8.23 3.16 30.97 7.93 8.93 102.24 112.00 0%
3/17/2011 29.40 8.59 8.11 2.34 31.30 10.76 8.56 102.10 107.70 0% High NOXx at the stack exhaust was due to a plugged urea injection lance (Note 4).
3/18/2011 29.51 8.20 8.84 2.54 31.79 11.09 32.82 102.78 110.18 98%
3/19/2011 29.74 8.35 8.26 1.65 30.91 9.75 8.78 104.74 110.34 98%
3/20/2011 27.83 6.94 7.72 1.31 30.84 9.39 8.77 93.75 104.95 95%
3/21/2011 28.21 7.40 7.07 1.89 32.24 11.51 7.72 86.26 93.65 96%

High NOXx at the stack exhaust was due to adjustments to the SCR system by the system
3/22/2011 29.87 8.50 7.62 2.62 33.20 11.89 8.58 97.16 108.53 98% |vendor (Note 3).
3/23/2011 29.24 7.54 8.08 1.31 31.75 9.71 8.65 101.83 108.03 98%
3/24/2011 30.65 8.85 7.80 1.82 33.25 11.38 8.64 104.13 111.30 98%
3/25/2011 30.25 8.63 8.04 2.64 31.35 10.14 28.89 105.44 111.08 98%
3/26/2011 29.18 7.42 7.68 1.61 31.17 9.73 8.31 102.28 109.88 97%
3/27/2011 27.38 6.34 7.25 1.56 30.41 9.39 8.12 91.24 100.63 96%
3/28/2011 28.92 7.97 6.98 1.78 30.98 9.74 7.51 91.25 100.68 98%
3/29/2011 28.50 7.37 7.33 1.65 30.23 9.67 7.97 95.03 105.40 98%
3/30/2011 29.35 8.24 7.90 2.25 31.85 11.35 8.37 103.55 110.65 98%
3/31/2011 29.44 8.39 8.09 2.01 30.77 10.27 8.43 106.76 111.47 98%
Notes:

(1) Urea injection setpoints were modified on June 8, 2010. Therefore, stack exhaust NOx data prior to June 8, 2010 is not included in the analysis of the SCR system and is not provided in this table.
(2) The first 30 minutes after start-up of the engine are excempt from Amended Rule 1110.2. Data was excluded where NOx at the stack exhaust exceeded 11 ppmvd during engine start-up.

(3) Data was excluded where NOXx at the stack exhaust exceeded 11 due to system adjustments to the urea injection system.
(4) Data was excluded where operational issues occurred from 7/1/10-7/4/10, 12/29/10-1/4/11, 3/14/11, 3/17/11, and 3/22/11.
(5) Values shown are average or maximum values (as indicated) for each calendar day and may not all occur at the same time within the day.
(6) N/A indicates that data was not available because the engine was offline.

G:\0788-187\2.5 Data Evaluation\CEMS Data - 15-Minute Block Average (Apr 10 - Mar 11)_(revised 072811).xIsx
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Technical Memorandum

Date: July 31, 201

To: File

From: Kit Liang ; Daniel Stepner, Malcolm Pirnie, WHI

Re: OCSD Cat Ox/SCR Pilot Study: Ammonia Sampling and Calculation
Methods

Project No.: 0788-187

Introduction

To meet the South Coast Air Quality Management District (SCAQMD) Rule 1110.2 limit
for oxides of nitrogen (NOx), the Orange County Sanitation District (OCSD) installed a
urea-based selective catalytic reduction (SCR) system after the internal combustion (IC)
engine exhaust and catalytic oxidizer (Cat Ox) at the Plant 1 Engine 1. The SCR system
was designed to remove NOx through a chemical reaction between ammonia (provided
by the urea (NH,),CO)) and the NOx on the SCR catalyst surface. During this process, a
small amount of unreacted free ammonia (NH3) or “ammonia slip” can be emitted into
the exhaust gas. The objective of this memorandum is to discuss the reactions leading to
ammonia slip, and a comparison of the different ammonia estimation methods.

SCR Overview

SCR is an air pollution control method that reduces the NOx emissions resulting from
fossil fuel combustion through a chemical reaction between the NOx in the exhaust
stream and NHj3 provided by the injection of ammonia or urea. The reaction is facilitated
by a catalyst to form nitrogen and water vapor.

Engine 1 at OCSD Plant 1 is a four-stroke cycle engine, fueled with a blend of digester
gas and natural gas. A Johnson Matthey® SCR system is located downstream of the
engine and after a catalytic oxidizer. Aqueous urea is injected into the engine exhaust
duct upstream of the SCR catalyst. Once urea is injected into the engine exhaust stream,
it breaks down into ammonia and other constituents. Hydrolysis of the urea on the face
of the catalyst generates more ammonia. This ammonia reagent reacts with the NOx in
the stack emissions, and with the aid of a catalyst, reduces the NOx to harmless
constituents: nitrogen, water vapor, and carbon dioxide. The ammonia can also react
with sulfur dioxide (SO,) and sulfur trioxide (SOs) in secondary reactions to produce
ammonium bisulfate (NH4HSO4) and ammonium sulfate (NH4),SO4). The equations for
these reactions are as follows:

Urea Reaction
(NH,),CO — NH; + HNCO
HNCO + NOx + O, — N, + H,O + CO»,
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Ammonia Reaction
NH; + NOx + O, — N, + H,O + CO,

Secondary Reactions:

2SO, + O, — 2505

2NH3 + SO3 + HQO — (NH4)ZSO4
NH; + SO; + H,O — NH4HSO4

The ammonia/NOXx reaction is optimal between 750°F and 850°F. The amount of NOx in
the engine exhaust gas varies with the engine load, and fuel type or fuel blend (in this
case, the proportion of digester gas and natural gas). In the SCR system, the injection of
the urea is controlled based on process variables, including engine operation (on/off),
engine load (i.e., process flow), and NOx concentration measured at the exhaust stack;
and the quantity of urea to be injected is roughly proportional to the NOx being reduced
and the volume of exhaust flow.

It is important not to inject more urea than necessary in order to keep the unreacted,
unconsumed, free ammonia levels to a minimum. Excess free ammonia can occur when:
e Ammonia or urea, is over-injected into the exhaust stream,
e The temperature of the gas is too low for the ammonia to react, or
e The catalyst is degraded.

Significantly high levels of free ammonia in the exhaust stack gases can often be
identified by a visible plume above the stack. Not only can the excess ammonia exceed
permitted limits (ammonia is regulated by SCAQMD), but it also indicates that more
ammonia or urea than needed was injected, resulting in a greater urea supply and storage
capacity than actually needed to control the NOx emissions. In addition, compounds
such as the sulfates formed in the secondary reactions presented above, in which free
ammonia reacts with sulfur compounds, have been shown to result in the corrosion of
downstream equipment and to cause line plugging. This has been discussed in the
literature in particular for fuels with high sulfur content, such as coal. The general range
of temperatures for the sulfate formation is reported to range from 390 to 450 °F for
medium to low sulfur fuels.

Johnson Matthey® SCR Urea Control System
The goal of the SCR control system is to balance urea injection to reduce NOx
concentration in the exhaust gas to below 11 ppm with a minimum amount of
unconsumed or free ammonia. The maximum concentration of free ammonia allowed for
this Pilot Study Research Permit is 10 ppm NHj.

The urea injection control system determines the correct rate of urea according to the
engine load signal and the urea versus engine load map programmed into the control
system. The load map, which correlates the urea injection rate to the engine load, was
programmed during commissioning of the system by Johnson Matthey®. This load map
allows the controller to interpolate between the prescribed load values and urea injection
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rate to generate an overall curve of urea injection vs. engine load. As the engine is
brought to load and as the engine load changes, urea flow rate is modulated by the flow
control valve according to the determined urea injection rate. In addition to the load map
control, the injection system also receives the NOx concentration at the stack outlet from
the continuous emissions monitoring system (CEMS) stack exhaust NOx probe. This
NOx signal is then used to increase the actual urea injection rate by a set percent bias as
needed in order to fine tune the NOx emission rate.

As the engine was operated under varying loads during load mapping, Johnson Matthey®
measured the NOx concentration with a portable chemiluminescent analyzer and the
ammonia slip with Draeger® tubes at the SCR catalyst outlet. The purpose of these
measurements was to develop a plot (map) of urea injection rate versus engine load that
would meet NOx and ammonia slip emissions requirements. The urea injection rate
versus engine load map is provided in Figure 1 below. The solid line represents the true
set points for urea injection rate based on engine load set by Johnson Matthey® on June
8, 2010. The dashed line represents the urea injection rate with the injection rate bias to
increase the urea injection rate based on the NOx outlet emissions.

Figure 1:

SCR Urea Injection Curve
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Methods of Estimating Ammonia Concentration
Three methods were used for determining ammonia concentration:
¢ On-site field measurement using Draeger® or Sensidyne® tubes (free ammonia),
e SCAQMD Method 207.1 (free ammonia), and
e Estimated total ammonia calculation method using inlet and outlet NOx CEMS
concentration and urea injection rate.

Draeger® and Sensidyne® Tubes

Free ammonia was measured in the field periodically using Draeger® and Sensidyne®
tubes. A Draeger® or Sensidyne® tube is a glass vial filled with a chemical reagent that
reacts and changes color in the present of a targeted chemical. When a gas is pumped
through the tube, the discoloration of the reagent is read against a scale on the outside of
the tube to indicate the concentration of the chemical.

During the field sampling, a Tedlar® bag was filled with exhaust gas from the sample
port located after the SCR outlet. The exhaust gas was pulled through the Draeger® or
Sensidyne® tube; and the concentration of free ammonia was read against the scale on
the tube. Two ranges of Draeger® tubes were used to detect ammonia: 0.25-3 ppm (low-
scale) and 2-30 ppm (high-scale). If ammonia was detected and saturated the low-scale
tube, the high-scale tube was used.

Estimated Ammonia Calculation Method

Using the estimated ammonia calculation formula, total ammonia is calculated based on
the NOx inlet and NOx outlet concentrations, urea injection rate, and total exhaust
flowrate. Data from the CEMS system and operational data from the data acquisition
system (DAS) were used for the calculations. The NOx and urea react on a 1:2 basis.
Therefore, the amount of urea reacted is theoretically equal to two times the amount of
NOx reduced by the SCR.

Ammonia = |Urea Fed —

NOx in — NOx out
> ]xCF

The CEMS vendor, Cemtek Environmental, Inc., programmed the following formula to
calculate ammonia slip:

(2 X p X Urea Flow Rate X % wt urea) Dry Gas Flow Rate o (NOx in — NOx out)
Urea Molecular Weight 29 106
106
X X
Dry Gas Flow Rate/29

Ammonia =

CF

The Dry Gas Flow Rate is calculated using the following equation:
Dry Gas Flow Rate = ((Fuel Flow X Fuel GCV) X Fuel Factor) % (20.9/(20.9 — % 02)

Where the following units apply:
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e Urea Flow Rate: gallon per hour (gal/hr)

NOx in, NOx out (inlet and outlet NOx concentration): parts per million (ppm,)
@ 15% O,

Dry Gas Flow Rate: pounds per hour (Ibs/hr)

CF: Correction factor (derived annually)

Fuel Flow Rate: dry standard cubic feet of fuel (dscf)

Fuel GCV (gas constant value): Btu value of the fuel / dscf

Fuel Factor: dscf @ 0% O, / million Btu value of the fuel

H20 Ib . o
p(i2) = 68.95or 9.21-7 withurea @ 32.5% wt @ 4°C

Urea

e Urea Molecular Weight = 60.0553 %mol

The estimated ammonia calculation method allows for adjustment of the ammonia
estimation through use of the correction factor, CF. Without accounting for secondary
reactions through consumption of free ammonia with other compounds in the engine
exhaust gas, such as sulfates, the method actually estimates total ammonia (i.e., free
ammonia plus combined ammonia). The method does allow for use of a correction factor
which could be applied to account for these secondary reactions. During the pilot test, no
correction factor for potential side reactions was programmed into the calculation, and
the CF was assumed equal to 1.

SCAQMD Method 207.1

SCAQMD Method 207.1 is the regulatory approved method for determining free
ammonia emissions from stationary sources. This method is a wet chemistry method in
which the samples are collected from impingers containing a sulfuric acid solution. The
samples are then analyzed by an ion selective electrode.

Figure 2 provides a standard setup for the SCAQMD Method 207.1. During the initial
period of the pilot testing, the testing firm, SCEC, performed ammonia sampling at the
stack exhaust for three loads on April 7 and 8, 2010.

Discussion

Table 1 presents a comparison of the free ammonia concentrations determined using the
Draeger® and Sensidyne® tubes, the free ammonia concentrations determined using
SCAQMD Method 207.1, and the theoretical total ammonia calculations. The ammonia
concentration values were based on the same recorded 15-minute average CEMS data for
all three methods.

While the field measurements taken with the Draeger® and Sensidyne® tubes show no
measurable free ammonia, the total ammonia calculation method based on the CEMS
data did provide a calculated value of total ammonia (free plus combined ammonia).
Likewise, the results using SCAQMD Method 207.1 on 4/7/2010, 4/8/2010, and
5/10/2011 were less than 1 ppm of free ammonia, while the estimated total ammonia
method calculated values using the CEMS data were noticeably higher.
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Figure 2:
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The ammonia calculation method is dependent on the NOx inlet and NOx outlet
concentrations, and the urea injection rate, which is continuously changing based on the
engine load and the NOx outlet concentration. The difference between the estimated total
ammonia calculation method and the other techniques may be due to the conservative
nature of the estimated method for determining ammonia slip, since it assumes that the
ammonia from the urea consumes only NOx. There is the potential for ammonia
molecules to also be consumed in other secondary reactions in the exhaust stream, such
as those with sulfur compounds (forming combined ammonia). However, no correction
factors were applied to account for the consumption of ammonia in secondary reactions.
Without a correction factor to account for these secondary reactions, the calculation
method essentially estimates total ammonia, or the sum of free and combined ammonia.

Engine load fluctuates with time. When the IC engines are set to a base load, it was
observed that the actual engine load fluctuated rapidly by as much as ten percent below
the set point. This was found to be typical for the OCSD IC engines. However, since
urea injection rate is mapped to engine load, rapid fluctuations in load can result in rapid
changes in urea injection rates. Rapidly changing urea injection rates, instead of steady
rates with smooth transitions, can also lead to inaccuracies in the ammonia calculation.
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Table 1:
Ammonia Concentration Sampling Event Summary
Draeger® and SCAQMD
. Sensidyne® Tube | Calculated Value Method 207.1
Date Engine Load . (Total Ammonia) :
(Free Ammonia) (ppmv) 2 (Free Ammonia)
(ppmv) * (pPmv)

4/7/2010 65% 0.12
& 90% <MDL 1.66 0.18
4/8/2010 105% 0.43
4/21/2010 110% <MDL 0.09 N/A
4/29/2010 90% <MDL 0.00 N/A
5/6/2010 94% <MDL 2.18 N/A
5/19/2010 100% <MDL 2.54 N/A
6/29/2010 100% <MDL 0.97 N/A
7/28/2010 100% <MDL 0.63 N/A
8/12/2010 95% <MDL 2.50 N/A
11/4/2010 100% <MDL 4.95 N/A
1/12/2011 100% <MDL 0.32 N/A
2/24/2011 100% <MDL 0.09 N/A
70% 1.12 0.37
5/10/2011 90% <MDL 1.60 0.31
110% 3.12 0.38

Notes: 1. Free ammonia field measurements were taken at the SCR outlet using 0.25-3 ppm range and 2-30 ppm
range Draeger® tubes. On 5/10/2011, additional free ammonia field measurements were taken at the
stack exhaust using Sensidyne® tubes with the same measurement results as the Draeger® tubes.

2.  Total ammonia was determined based on the theoretical calculation which uses NOx inlet and NOx
outlet of the Cat Ox/SCR system and the urea injection rate. The calculated value reported is based on
the 15-minute block average from the CEMS for the time period when the exhaust gas sample was taken
for the field measurement. No correction factor was applied.

3. <MDL - less than Method Detection Limit.

4. N/A indicates not applicable. No data was taken using Method 207.1 during these field

measurement events.

Conclusions and Recommendations

Upon review of the field measurements for free ammonia and calculated values for total
ammonia, the estimated total ammonia calculation method appears to overestimate the
free ammonia in the SCR outlet over both the field sampling method and SCAQMD
Method 207.1. This may be partially due to the varying urea injection rates. In addition,
the estimated ammonia calculation method does not account for other potential ammonia
reactions which may consume the unreacted ammonia, such as those with sulfur
compounds in the exhaust gas. Without the application of a correction factor to account
for these, the calculation method actually estimates total ammonia (free plus combined
ammonia). However, this may be useful as a tool to prompt a field measurement to
confirm free ammonia concentrations in the exhaust gases. Additional sampling of the
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exhaust emissions could be performed to establish a correction factor for the theoretical
ammonia slip calculation method. The presence of sulfur dioxide and sulfur trioxide in
the exhaust gas before the SCR, and ammonium sulfate and ammonia bisulfate detected
in the exhaust gas after the SCR, can indicate that secondary reactions are taking place
due to the injection of urea.

Further study is needed to determine the potential for detrimental effects of ammonia
sulfates formation in equipment downstream of the SCR system. For example, after two
years of Engine 1 operation using the Cat Ox/SCR system with DGCS, it is
recommended that OCSD examine the heat recovery boiler for any equipment
deterioration or noticeable particulate buildup.

Although little, if any, free ammonia was found during the pilot study of the SCR system,
it is recommended that the OCSD perform additional and routine testing for free
ammonia during varying loads and fuel blends over a period of time. Additional testing
for free ammonia can provide data to verify that the SCR system does not produce
ammonia slip from the stack exhaust under the range of operating conditions for a given
mapped urea injection versus engine load set point.
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Proposed Amended Rule 1110.2 FinalBraft Socioeconomic Report

EXECUTIVE SUMMARY

A socioeconomic analysis was conducted to assess the impacts of the proposed amendments to
Rule 1110.2—Emissions from Gaseous-and Liquid-Fueled Interna Combustion Engines—and the

aternatives for the proposed amendments identified in the Draft Environmental Assessment. A
summary of the analysis and findings are presented below.

Elements of Proposed Rule | The proposed amendments to Rule 1110.2 will require
Amendments stationary, non-emergency engines to meet emission
standards equivalent to current Best Available Control
Technology (BACT) for natural gas engines in the next 3-5
years, which partially implements the 2007 AQMP control
measure MCS-001 Facility Modernization; increase the
source testing, continuous monitoring, and inspection and
maintenance (I&M) and reportingmenitering—HH&M)
requirements to improve rule compliance; require new
electrical generating engines to meet standards that are at or
near the CARB 2007 Distribution Generation Emission
Standards, which require the—same emissions lmHs—as
equivalent to large central power plants;, and clarify the
status of portable engines. Before biogas engines are
required to comply with more stringent standards in 2012,
staff will conduct a technology assessment to assure that the
promising new technologies that have become available are
feasible and cost-effective. The proposed amendments are
projected to result in emission reductions of 2.2 tpd NOX,

0.69 tpd of VOC and 19 tpd CO.
Affected Facilities and The proposed amendments to Rule 1110.2 will affect 405
Industries facilities with 859 active internal combustion engines, of

which 178 facilities are in Los Angeles County, 96 are in
Orange County, 78 are in Riverside County, and 53 are in
San Bernardino County. These facilities belong to a wide
range of industries. Approximately half (47%) of the
facilities belong to the utilities sector (NAICS 221) and
another 10% each belong to the industries of oil and gas
extraction (NAICS 211) and government (NAICS 92).
Assumptions of Analysis Facilities subject to Rule 1110.2 were surveyed in 2005
with data collected on 631 out of 859 active engines (74%
response rate). To reflect the total number of active engines
in the AQMD permit database, scaling factors for each
engine type were used to re-align the survey data.

Daily inspections are assumed to be performed by the
facilities.  Source testing, parametric monitoring and
emission checks are assumed to be performed by testing
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laboratories except for facilities with more than one engine
which would perform their own parametric monitoring and
emission checks. It isassumed that facilities with more than
one engine would perform their own CEMS maintenance
while facilities with a single engine would contract
mai ntenance with the equipment vendor.

Based on the current technology, it is assumed that facilities
have to instal biogas cleanup systems, selective catalytic
reduction system (SCR), and OC, or other equivaent
technology by 2012. It is assumed that biogas engine
maintenance would be performed by staff at the affected
facilities. The life of all devices required for compliance
with the proposed requirements is assumed to be 10 years.

Catalysts are assumed to be installed and maintained by
equipment vendors and will be replaced every three years.
Compliance Costs Changes to the proposed amendments since the release of
the Draft Socioeconomic Report have not significantly
changed compliance cost. Overal, costs for al the affected
industries ranged from $10.76 million in 2008 to $27.24
million in 2012, with an average annua cost of $22.39
million between 2008 and 2020. Costs vary significantly by
industry with the majority of the cost in the utility industry
(NAICS 221) with an average annua cost of $11.53 million
between 2008 and 2020. This is followed by the waste
management and remediation services industry (NAICS
562) with an average annua cost of $2.86 million between
2008 and 2020.

Source testing and 1&M requirements impact 614 engines at
the affected facilities, followed by the requirements for new
emission limits (333), and increased continuous monitoring
requirements (83 engines to instal CEMS, 48 engines to
install CO analyzers, and 40 engines to instal AFRC).
However, the requirement of new emission limits would
result in the highest compliance cost, an average annual cost
of $11.0 million between 2008 and 2020.

A technology assessment will be conducted by rule staff in
2010 to evauate new available technologies that are
feasible and cost-effective. One possible technology for
biogas engines is the NOxTech system which requires no
catalyst or fuel treatment that will be tested by Eastern
Municipal Water District. It is expected to be more cost-
effective than the technology currently proposed.
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Jobs and Other Overdl, 169 jobs could be forgone annually, on average,
Socioeconomic Impacts between 2008 and 2020 in the local economy. Additional
job growth was projected in the professional, scientific, and
technical services sector (NAICS 54) with 45 jobs gained
and in the machinery manufacturing sector (NAICS 333)
with 5 jobs gained. These job gains are due to an increased
demand for source testing and specialized equipment to
meet the lower emission limits. The industries with the
greatest jobs forgone annualy between 2008 and 2020
primarily are construction (NAICS 23) with 30 jobs
forgone, other services (NAICS 81) with 26 jobs forgone,
local and state government (NAICS 92) with 25 jobs
forgone, and retail trade (NAICS 44-45) with 23 jobs
forgone.

Competitiveness The sectors of utilities (NAICS 221), oil and gas extraction
(NAICS 211), and administrative and waste services
(NAICS 56) would experience the largest increases in the
relative cost of production and relative delivered price in
2012. These sectors aso incur the highest average annua
compliance costs among all private sectors. In 2020
increases in the relative cost of production and relative
delivered price in these sectors are decreasing. All the
remaining sectors will experience a smaller magnitude of
increase in production cost and relative delivered price due
to the proposed amendments.

Impacts of CEQA There are four CEQA dternatives associated with the
Alternatives proposed amendments to Rule 1110.2. Alternative A is the
No Project Alternative, which isthe existing Rule 1110.2.
Alternative B—Expansion of Low Use Exemption—would
increase the low usage exemption for non-biogas engines.
Alternative C—Compliance Improvement Only—would
only require increased source testing and I&M, and the
installation of AFRC, CO analyzers, and CEMS. Alternative
D—Engine Electrification—would give biogas engines that
are less than 10 years old an additional two years to comply,
eliminate the low-use exemption in the proposed
amendments, and require mandatory electrification of
selected engines. Average annual compliance costs for the
CEQA dlternatives range from $11.4 to $29.5 million
between 2008 and 2020. Jobs forgone for the CEQA
aternatives range from 89 jobs to 273 jobs. CEQA
Alternative D has the highest average annual cost and job
impacts of al the CEQA dternatives, with an average
annua cost of $29.5 million and 273 jobs forgone between
2008 and 2020.
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INTRODUCTION

The proposed amendmentsto Rule 1110.2 will;

* Require stationary, non-emergency engines to meet emission standards equivalent to
current Best Available Control Technology (BACT) for natural gas engines in the next
3-5 years, which partially implements the 2007 AQMP_control measure MCS-001
Facility Modernization;

» Increase the source testing, continuous monitoring, and inspection and maintenance
(I&M) and reportingmeniteriag-(H& M) requirements to improve rule compliance;

» Require new electrical generating engines to meet standards that are at or near the CARB
2007 Distribution Generation Emission Standards, which require the-same emissions
Hmitsas equivaent to large central power plants;

» and-Clarify the status of portable engines.

Before biogas engines are required to comply with more stringent standards in 2012, staff will
conduct a technology assessment to assure that the promising new technologies that have
become available are feasible and cost-effective.

Because more than half of stationary non-emergency engines are in RECLAIM or already have
BACT emission limits, the emission reductions from the proposed amendments are significant,
but not as large as one might expect. The proposed amendments are projected to result in
emission reductions of 2.2 tpd NOx, 0.69 tpd of VOC and 19 tpd CO. The socioeconomic
analysis examines the impact of the proposed amendments and the alternatives identified in the
Draft Environmental Assessment.

The proposed amendments also address non-compliance of engines with emissions limits due to
poor operating and maintenance procedures and inadequate monitoring required by the existing
rule. They also achieve additional emission reductions for the 2007 Air Quality Management
Plan to meet the more stringent federal ozone and particulate matter standards. The United
States Environmental Protection Agency (EPA) has thus raised SIP approvability issues about
the Rule 1110.2 source testing and monitoring requirements. The proposed amendments may
incentivize voluntary electrification of selected engines in order to reduce compliance costs (i.e.,
avoiding more frequent maintenance or source testing, or meeting new emission limits), which
has a co-benefit of reducing CO, emissions.

REGULATORY HISTORY

Rule 1110.2 was adopted in August 1990 to require the replacement of non-utility internal
combustion engines (ICEs) with electric motors. An annual compliance cost was estimated at
$156.7 million. Utility sponsored programs that promoted the electrification of ICEs were
expected to reduce the compliance cost.

This rule has subsequently been amended five times. There were administrative changes and
clarifications for the rule amendments in August 1994 and December 1994, with no
socioeconomic impacts. In November 1997 requirements for portable engines were revised to be
consistent with federal and state regulations. In addition, the continuous emission monitoring
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regquirements for CO were removed and source testing was reduced from annually to every three
years. This amendment was projected to result in a potential cost savings for owners/operators
of stationary engines and all portable engines except those in the 50- to 100-bhp size class.
Those engines requiring retrofitting would incur a cost of $0.089 - $0.459 million annually,
depending on the control option chosen.

In June 2005 stationary agricultural engines were required to comply with the rule by replacing
their engines with a controlled spark ignition engine and non-sel ective catalytic reduction system
(NSCR) or an eectric motor, or adding an NSCR to an existing spark ignition engine. The total
annual cost of the proposed amendments was estimated at $0.316 million annualy. With
available state funding, the net cost to agricultural facilities was reduced to $0.004 million
annually.

LEGISLATIVE MANDATES

The socioeconomic assessments at the AQMD have evolved over time to reflect the benefits and
costs of regulations. The legal mandates directly related to the assessment of the proposed
amendments include the AQMD Governing Board resolutions and various sections of the
CaliforniaHealth & Safety Code (H& SC).

AQMD Governing Board Resolutions

On March 17, 1989 the AQMD Governing Board adopted a resolution that calls for preparing an
economic analysis of each proposed rule for the following elements:

Affected Industries
Range of Control Costs
Cost Effectiveness
Public Health Benefits

On October 14, 1994, the Board passed a resolution which directed staff to address whether the
rules or amendments brought to the Board for adoption are in the order of cost effectiveness as
defined in the AQMP. The intent was to bring forth those rules that are cost effective first.

Health & Safety Code Requirements

The state legislature adopted legislation that reinforces and expands the Governing Board
resolutions for socioeconomic assessments. H& SC Sections 40440.8(a) and (b), which became
effective on January 1, 1991, require that a socioeconomic analysis be prepared for any proposed
rule or rule amendment that "will significantly affect air quality or emissions limitations."
Specifically, the scope of the analysis should include:

Type of Affected Industries

Impact on Employment and the Economy of the district
Range of Probable Costs, Including Those to Industries
Emission Reduction Potential
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e Necessity of Adopting, Amending or Repealing the Rule in Order to Attain State and Federal
Ambient Air Quality Standards
e Auvailability and Cost Effectiveness of Alternativesto the Rule

Additionally, the AQMD is required to actively consider the socioeconomic impacts of
regulations and make a good faith effort to minimize adverse socioeconomic impacts. H& SC
Section 40728.5, which became effective on January 1, 1992, requires the AQMD to:

e Examinethetype of industries affected, including small businesses; and
e Consider Socioeconomic Impactsin Rule Adoption

H& SC Section 40920.6, which became effective on January 1, 1996, requires that incremental
cost effectiveness be performed for a proposed rule or amendment relating to ozone, carbon
monoxide (CO), oxides of sulfur (SOy), oxides of nitrogen (NOy), and their precursors.
Incremental cost effectiveness is defined as the difference in costs divided by the difference in
emission reductions between one level of control and the next more stringent control.

AFFECTED FACILITIES

The proposed amendments to Rule 1110.2 will affect 405 facilities with 859 active internd
combustion engines, of which 178 facilities are in Los Angeles County, 96 are in Orange
County, 78 are in Riverside County, and 53 are in San Bernardino County. These facilities
belong to a wide range of industries. Approximately half (47%) of the facilities belong to the
utilities sector (NAICS 221) and another 10% each belong to the industries of oil and gas
extraction (NAICS 211) and government (NAICS 92).

Small Businesses

The AQMD defines a "small business" in Rule 102 as one which employs 10 or fewer persons
and which earns less than $500,000 in gross annual receipts. In addition to the AQMD's
definition of a small business, the federal Small Business Administration (SBA), the federal
Clean Air Act Amendments (CAAA) of 1990, and the California Department of Health Services
(DHS) aso provide definitions of asmall business.

The SBA's definition of a small business uses the criteria of gross annual receipts (ranging from
$0.5 million to $25 million), number of employees (ranging from 100 to 1,500), or assets ($100
million), depending on industry type. The SBA definitions of small businesses vary by 6-digit
NAICS code.

The CAAA classifies a facility as a "small business stationary source” if it: (1) employs 100 or
fewer employees, (2) does not emit more than 10 tons per year of either VOC or NOx, and (3) is
asmall business as defined by SBA.

Dun and Bradstreet financial data on individual facilities for total revenue and total number of
employees was available for 339 out of 405 facilities. Under the AQMD definition of a small
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business, there are 44 small businesses. Using the SBA definition of a small business, there are
160 small businesses. Under the CAAA definition of asmall business, 80 are small businesses.

COMPLIANCE COST

Changes to the proposed amendments since the release of the Draft Socioeconomic Report have
not significantly changed compliance cost. Under the proposed amendments, affected facilities
are subject to increased source testing and 1&M requirements, increased continuous monitoring
requirements, and new emission limits. The affected engines can be divided into biogas and
non-biogas fueled engines that are lean-burn or rich-burn engines. Some of these engines are
regulated under the AQMD’s RECLAIM program. Proposed requirements are the same for both
biogas and non-biogas engines except for compliance dates for the new emission limits, and
emission limits for new electrical generators.

Facilities subject to Rule 1110.2 were surveyed in 2005 with data collected on 631 out of 859
active engines (74% response rate). To reflect the total number of active engines in the AQMD
permit database, scaling factors for each engine type were used to re-align the survey data. The
scaling factors are provided in Appendix H of the Rule 1110.2 Staff Report.

Costs for the proposed requirements are divided into equipment, other capital, and annual costs.
Equipment costs include the purchase, installation, and testing of equipment. Other capital costs
include one-time AQMD fees, plans and protocols, and testing not associated with equipment.
Annua costs include ongoing expenses such as testing, AQMD fees, maintenance labor, and
replacement of equipment parts. The life of al devices required for compliance with the
proposed requirements is assumed to be 10 years.

Source Testing, Inspection, and Monitoring

The majority of engines will be subject to increased source testing and 1&M requirements in
2008. However, engines used less than 2,000 hours in three years would not be required to
perform additional source testing and engines monitored by a NOx and CO continuous emission
monitoring system (CEMS) would not be required to develop and implement an 1&M plan.
Equipment necessary to comply with the source testing and 1&M requirement includes alarms
and portable analyzers. Other capital costs associated with the implementation of source testing
and 1&M requirements include the development of a facility 1&M plan and source testing
protocol, baseline source and parametric testing, and AQMD evaluation fees. Annua costs
include source and parametric testing, emission checks using portable analyzers, daily
inspections, and AQMD fees charged twice every thirteen months for review of the source test
protocol and the source test report. Equipment and annual operating costs vary by engine type.
Rich burn engines will have the highest annual operating costs since they will require weekly or
monthly emission checks and daily parametric monitoring. Lean burn RECLAIM engines
require only quarterly emissions checks and hence have the lowest annual operating costs. Daily
inspections are assumed to be performed by the facilities. Source testing, parametric monitoring
and emission checks are assumed to be performed by testing laboratories except for facilities
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with more than one engine which would perform their own parametric monitoring and emission
checks. ' Table 1 shows arange of these cost categories.

Continuous Monitoring

Compliance with continuous monitoring requirements require the instalation of additional
CEMS, air-to-fud ratio controllers (AFRC), or CO anayzers to enginesin 2009-2011. CEMSis
required on a group of engines at the same location with a total horsepower of >1500 hp and
using >16x10° Btu/yr (not including engines <500 hp, standby engines, engines used <1000
hrs/yr, or engines using <8x10° Btu/yr). Equipment costs of CEMS include equipment, data
acquisition system, installation, certification testing, startup and training. Other capital costs
include AQMD fees. Annua costs include replacement of span gases, relative accuracy test
audit (RATA) testing, and CEM S maintenance. Facilities with multiple engines connected to a
CEMS incur additional equipment ($35,000) and annual ($15,000) costs for each additional
engine attached to the CEMS. These additional costs include one-time installation and sampling
system equipment costs, and span gas and RATA testing annual costs. It is assumed that
facilities with more than one engine would perform their own CEMS maintenance while
facilities with a single engine would contract maintenance with the equipment vendor.
Equipment costs for single-engine CEM S installations range from $168,600 to $176,600.

Engines without CEMS are required to install an AFRC. CO analyzers are required to be added
on rich burn engines with an existing NOx CEMS. AFRC costs include equipment costs for
equipment and annual costs for the quarterly replacement of oxygen sensors. CO analyzer costs
include equipment costs for equipment. CO analyzer annual costs are assumed to be minimal
since little additional span gases or RATA testing is required. AFRC ($20,000) and CO analyzer
equipment costs ($19,000) are the same for all engine types.

New Emission Limits

Facilities with non-biogas engines that do not have current BACT and are used more than 500
hours or burn more than 1000 MMBtu annually are required to install catalysts to comply with
new emission limits in 2010 and 2011. Okxidation cataysts (OC) are required for lean burn
RECLAIM engines. Rich burn engines not at the BACT level must upgrade their existing three
way catalyst (TWC). Equipment costs for both types of catalysts include equipment and
instalation. Other capital costs include AQMD permit fees. Annual costs include catalyst
replacement. Equipment costs vary by engine size with a range from $14,858 to $54,876.
Catalysts are assumed to be installed and maintained by equipment vendors, and replaced every
three years.

Biogas engines that are used more than 500 hours or burn more than 1,000 MMBtu annually are
subject to new emission limits and required to meet the same emission limits as natural gas
fueled engines. Based on the current technology, it is assumed that facilities have to install
biogas cleanup systems, selective catalytic reduction system (SCR), and OC, or other equivalent
technology by 2012. Equipment costs for biogas cleanup systems, SCR, and OC include

1 In addition, facilities with multiple engines and maintenance staff will likely purchase portable analyzers and
conduct their own emission checks and daily monitoring since thisis the most economical option.
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equipment, installation, and performance tests. Other capital costs include AQMD permit fees.
Annua costs include periodic sorbent tests, sorbent disposal and replacement, catalyst
replacement for SCR and OC, additional electricity due to the parasitic load on the engine, and
annual maintenance on parts. It is assumed that biogas engine maintenance would be performed
by staff at the affected facilities. Equipment costs for the biogas cleanup system, SCR, and OC
range from $271,909 to $744,793.

Table 1 shows the unit costs for the proposed requirements including equipment, other capital,
and annual costs. Additional information on unit costs is presented in Appendix H of the Rule
1110.2 Staff Report.

Table 1
Unit Costs by Proposed Requirement (in dollars)
Proposed Requirements/Control Devices Engine Type
Source Testing | Compliance | Type of Cost | Lean burn | Rich burn Lean burn | Facility >1
and I&M Year RECLAIM Engine
Alarms, portable | 2008 Equipment $240 $240 $240 $10,240
analyzers, source Other Capital 3,189 3,189 3,189 3,189
testing, &M Annual 10,468 15,348 6,268 10,468
Continuous Compliance | Type of Cost | Lean burn | Rich burn Lean burn | Facility >1
Monitoring Year RECLAIM Engine
CEMS 2009-2011 Equipment 168,600 176,600 35,000
Other Capital 4,000 4,000 N/A 0
Annual 35,000 35,000 15,000
AFRC 2009 Equipment 20,000
Annual 720
CO analyzers 2010-2011 | Equipment 19,000
New Emission | Compliance | Type of Cost | 0-499 hp | 500-999 hp 1000+ hp
Limits Year
Lean-Burn OC 2010-2011 Equipment 11,880 15,312 30,765
Other Capital 2,300 2,300 2,300
Annual 1,833 2,405 4,981
Rich-burn TWC | 2010-2011 | Equipment 14,858 24,010 54,876
Other Capital 2,300 2,300 2,300
Annual 4,659 7,710 17,999
0-1499 hp 1500+ hp
systems, SCR, OC Other Capital 6,300 6,300
Annual $56,445 $166,331

1&M is inspection and maintenance; CEMS is continuous emission monitoring system; AFRC is air-to-fuel ratio controllers; OC is
oxidation catalyst; TWC is three way catalyst; and SCR is selective catalytic reduction system.

Source testing and 1& M requirements impact 614 engines at the affected facilities, followed by
the requirements for new emission limits (333), and increased continuous monitoring
regquirements (83 engines to install CEM S, 48 engines to install CO analyzers, and 40 engines to
install AFRC). However, the requirements of new emission limits will result in the highest
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average annual compliance cost of $11.0 million between 2008 and 2020. Costs by proposed
regquirement are shown in Table 2.

Table 2
Costs by Proposed Requirement (in millions of dollars)
Proposed Requirement 2008 2012 2020 Average Annual
(2008-2020)
Source testing, 1&M $10.8 $8.8 $8.8 $9.0
Continuous monitoring 0.0 3.0 3.0 25
New emission limits 0.0 155 154 11.0
TOTAL $10.8 $27.2 $27.1 $22.4

A technology assessment will be conducted by rule staff in 2010 to evaluate new available
technologies that are feasible and cost-effective. One possible technology for biogas engines is
the NOxTech system which requires no catalyst or fuel treatment that will be tested by Eastern
Municipal Water District. It is expected to be more cost-effective than the technology currently
proposed.

Overal, costsfor al the affected industries ranged from $10.76 million in 2008 to $27.24 million
in 2012, with an average annua cost of $22.39 million between 2008 and 2020. Costs vary
significantly by industry with the mgjority of the cost in the utility industry (NAICS 221) with an
average annual cost of $11.53 million between 2008 and 2020. This is followed by the waste
management and remediation services industry (NAICS 562) with an average annual cost of
$2.86 million between 2008 and 2020. These costs correspond with the implementation of
source testing and 1&M requirements beginning in 2008, non-biogas engine compliance
requirements in 2010 and 2011, and biogas engine compliance requirements in 2012. The cost
by industry (NAICS) isshown in Table 3.
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Table 3
Average Annual Compliance Costs by Industry (in million of dollars)
Average
NAICS Annual

Industry Title Code 2008 2012 2020 (2008-2020)
Oil, gas extraction 211 $052 $1.11 $1.11 $1.04
Utilitiest 221 531 1436 14.24 11.53
Food manufacturing 311 0.28 0.23 0.23 0.23
Textile product mills manufacturing 314 0.07 0.06 0.06 0.06
Wood product manufacturing 321 0.02 0.03 0.13 0.06
Paper manufacturing 322 0.00 0.04 0.04 0.03
Printing, related support services 323 0.02 0.03 0.03 0.03
Petroleum, coa products manufacturing 324 0.03 0.06 0.06 0.06
Chemica manufacturing 325 0.02 0.02 0.02 0.02
Plagtics, rubber product manufacturing 326 0.09 0.20 0.20 0.18
Nonmetallic mineral product
manufacturing 327 0.01 0.02 0.02 0.04
Primary metal manufacturing 331 0.14 0.16 0.17 0.16
Fabricated metal product manufacturing 332 0.02 0.02 0.02 0.02
Computer, electronic product
manufacturing 334 0.02 0.02 0.02 0.02
Wholesae trade 42 0.11 0.49 0.49 0.40
Retail trade 44 0.02 0.03 0.03 0.03
Truck transportation 484 0.00 0.01 0.01 0.01
Transit and ground passenger
transportation 485 0.06 0.45 0.45 0.38
Pipeline transportation 486 0.37 0.68 0.68 0.66
Warehousing and storage 493 0.02 0.02 0.02 0.02
Credit intermediation and related activities 522 0.00 0.10 0.10 0.09
Insurance carriers and related activities 524 0.02 0.02 0.02 0.02
Funds, trusts, and other financial vehicles 525 0.07 0.06 0.06 0.06
Readl estate 531 0.12 0.10 0.10 0.10
Professional, scientific, technical services 541 0.27 0.79 0.77 0.63
Administrative and support services 561 0.14 0.12 0.12 0.12
Waste management, remediation services' 562 0.05 4.28 4.08 2.86
Educational services 611 0.28 0.43 0.43 0.40
Hospitals 622 0.36 0.58 0.58 0.55
Nursing and residential care facilities 623 0.06 0.07 0.08 0.07
Performing arts, spectator sports, and
related industries 711 0.05 0.04 0.04 0.04
Amusement, gambling and recreation
industries 713 0.48 0.51 0.52 0.50
Accommodation 721 0.42 0.46 0.46 0.45
Repair and maintenance 811 0.02 0.02 0.02 0.02
Religious, grantmaking, civic,
professional, and Similar Organizations 813 0.14 0.12 0.12 0.12
Government 92 1.15 1.54 1.60 1.42
TOTAL $10.76 $27.24 $27.12 $22.39

The utilities sector provides services in electric power, natural gas, steam supply, water supply, and sewage removal while
the waste management and remediation services sector is involved in the collection, treatment, and disposal of waste
materials.
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JOBS AND OTHER SOCIOECONOMIC IMPACTS

The REMI model (version 9.0.3) is used to assess the total socioeconomic impacts of a policy
change. The model links the economic activities in the counties of Los Angeles, Orange,
Riverside, and San Bernardino. The REMI model for each county is comprised of a five block
structure that includes (1) output and demand, (2) labor and capital, (3) population and labor
force, (4) wages, prices and costs, and (5) market shares. These five blocks are interrelated.
Within each county, producers are made up of 66 private non-farm industries, three government
sectors, and a farm sector. Trade flows are captured between sectors and borders as well as
across counties and therest of U.S. Market shares of industries are dependent upon their product
prices, access to production inputs, and loca infrastructure. The demographic/migration
component has 160 ages/gender/race/ethnicity cohorts and captures population changes in births,
deaths, and migration.

The assessment herein is performed relative to a baseline of the existing Rule 1110.2. Direct
effects of the policy change (proposed amendments) have to be estimated and used as inputs to
the REMI model in order for the model to assess secondary and induced impacts for al the
actors in the four-county economy on an annual basis and across a user-defined horizon. Direct
effects of PAR 1110.2 include additional costs of proposed requirements to affected industries
and additional sales of control devices by local vendors at the county (or finer) level and by
industry.

The proposed amendments would create an additional demand for the services of testing
laboratories (NAICS 541) such as source and parametric testing and emission checks due to the
source testing requirements, RATA tests on CEMS for the monitoring requirements, and
performance and sorbent tests for biogas cleanup systems for meeting the new emission limits.
There would be additional demand for the products in the industrial machinery manufacturing
sector (NAICS 333) due to the purchase, installation, and maintenance of OC, TWC, SCR, and
biogas cleanup systems for meeting the new emission limits. Additional demand would be
created for instruments for controlling industrial process variables (NAICS 334) due to the
purchase, installation, and maintenance of alarms and portable analyzers for source testing and
CEMS, AFRC, and CO anayzers for monitoring requirements. Lastly, there would be additional
demand in the chemical manufacturing sector (NAICS 325) for span gases used in the operation
of CEMS for monitoring requirements and in utilities (NAICS 221) for electricity from the
parasitic load on biogas engines from installing biogas cleanup systems and catal ysts.

Costs for capital equipment including alarms and portable analyzers for source testing
requirements, CEMS, AFRC, CO analyzers for monitoring requirements; and OC, TWC, biogas
cleanup systems/SCR/OC for meeting the new emission limits were annualized at the 4-percent
real interest rate as the additional cost of doing business to the affected facilities. For the
government sector, this is modeled as a decrease in government spending elsewhere. There will
be additional labor required for source testing and I&M requirements (I&M plan, daily
inspections, emission checks, and source testing); CEMS maintenance for monitoring
requirements; and biogas cleanup system and SCR maintenance (routine maintenance and
replacement of parts), for biogas engines for meeting the new emission limits. The additional
labor requirement would result in reduced labor productivity for affected businesses. One-time
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AQMD permit and evaluation fees for the instalation of new or modified equipment and the
evaluation of 1&M plans and source testing protocols are an additional cost of doing business for
the affected facilities and represent an increase in demand by local governments on the other
hand.

Overal, 169 jobs could be forgone annually between 2008 and 2020 in the local economy. This
represents on average 0.0016 percent of total estimated jobs in the four-county region between
2008 and 2020. The machinery manufacturing sector is only 40% value added while the
professional, scientific, and technical services is 70% value added which means that additional
demand in these sectors will create greater job impacts in the professional, scientific, and
technical services sector.

The industry sectors with the greatest jobs forgone annualy between 2008 and 2020 are
primarily construction (NAICS 23) with 30 jobs forgone, other services (NAICS 81) with 26
jobs forgone, local and state government (NAICS 92) with 25 jobs forgone, and retail trade
(NAICS 44-45) with 23 jobs forgone. Despite having the highest compliance cost, the capital-
intensive utility sector is projected to have minimal jobs forgone. However, construction
activities represent a significant input for the utility sector. The reduction in output of the utility
sector would thus have a relatively large impact on the labor-intensive construction sector. The
costs incurred by biogas facilities in the public sector could result in jobs forgone in local and
state government. Jobs forgone in the other services and retail trade sectors are dueto adrop in
real disposable income, which reduces consumption in these areas. Job growth was projected in
the professional, scientific, and technical services sector (NAICS 54) with 45 jobs gained and in
the machinery manufacturing sector (NAICS 333) with 5 jobs gained. These job gains are due to
an increased demand for source testing and specialized equipment to meet the lower emission
limits. Table 4 presents estimated job impacts by industry for the proposed amendments.
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Table 4
Job Impacts by Industry
Average
Industry (NAICYS) 2008 | 2012 | 2020 | Annual
(2008-
2020)

Qil, gas extraction 211 0 -1 -2 -1
Utilities 221 0 -2 -4 -3
Construction 23 -7 -25 -40 -30
Food manufacturing 311 0 -1 -2 -2
Apparel manufacturing 315 0 0 -1 0
Wood product manufacturing 321 0 -1 -1 -1
Paper manufacturing 322 0 0 -1 0
Printing, related support services 323 0 0 -1 -1
Chemical manufacturing 325 0 0 -1 0
Plastics, rubber product manufacturing 326 0 0 -1 -1
Nonmetallic mineral product manufacturing 327 0 0 -1 -1
Primary metal manufacturing 331 0 0 -1 -1
Fabricated metal product manufacturing 332 0 2 -3 -2
Machinery manufacturing 333 0 38 1 5
Motor vehicle manufacturing 3361-3363 0 0 -1 -1
Transportation equipment manufacturing 3364-3369 0 0 -1 0
Computer, electronic product manufacturing | 334 0 -1 -1 -1
Electrical equipment, appliance manufacturing | 335 0 0 -1 0
Furniture, related product manufacturing 337 0 -1 -2 -1
Miscellaneous manufacturing 339 0 0 -1 -1
Wholesale trade 42 -1 -2 -11 -7
Retail trade 44-45 -5 -15 -33 -23
Transportation and Warehousing 48-49 -1 -2 -8 -5
Information 51 -2 -4 -7 -5
Finance and Insurance 52 -3 -7 -15 -11
Real Estate and Rental and Leasing 53 -1 -8 -17 -11
Professional, Scientific, Technical Services 54 52 71 33 45
Management of Companies and Enterprises 55 0 1 -3 -2
Administrative and Support and Waste

Management and Remediation Services 56 1 -6 -28 -16
Educational services 61 0 -4 -11 -7
Health Care and Social Assistance 62 -1 -4 -19 -11
Arts, Entertainment and Recreation 71 0 -4 -7 -5
Accommodation and Food Services 72 -4 -12 -26 -18
Other Services 81 -10 -26 -34 -26
Local and State Government 92 -14 -21 -40 -25
Total' 1 -37 | -293 -169

The sum of individual numbers may not be the same as the total due to rounding.
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Competitiveness

The additional cost brought on by the proposed rule would increase the cost of production of the
affected industries relative to their national counterparts. Changes in relative production costs
would thus be a good indicator of changes in relative competitiveness. The magnitude of the
impact depends on the size and diversification of, and infrastructure in alocal economy as well
as interactions among industries. A large, diversified, and resourceful economy would absorb
the impact with relative ease. Implementation of the proposed amendments to Rule 1110.2
increases the cost of doing business for affected industries.

Anindex of O indicates that there is no change in the cost of production relative to the rest of the
United States. An index of above or below 0 means that the cost of production in the four-
county areas resulting from the proposed amendments is higher or lower, respectively, than that
in the rest of the U.S.

The sectors of utilities (NAICS 221), oil and gas extraction (NAICS 211), and administrative and
waste services (NAICS 56) would experience the largest increases in the relative cost of
production, as shown in Table 5. The utilities sector would experience an increase of 0.076% in
2012. These sectors also incur the highest average annual compliance costs among all private
sectors. In 2020 increases in the relative cost of production in these sectors are decreasing. All
the remaining sectors will experience a smaller magnitude of increase in production cost due to
the proposed amendments.

Changes in production costs will affect prices of goods produced locally. The relative delivered
price of agood is based on its production cost and the transportation cost of delivering the good
to whereit is consumed or used. The average price of agood at the place of use reflects prices of
the good produced locally and imported el sewhere.

Based on the measurement of relative delivered prices in the REMI model, the proposed
amendments are projected to result in higher delivered prices. These impacts are similar to those
for the relative cost of production. The same industry sectors of utilities (NAICS 221), oil and
gas extraction (NAICS 211), and administrative and waste services (NAICS 56) would
experience the largest increases in relative delivered prices (Table 5). The utilities sector would
experience a 0.0598% increase in relative delivered pricein 2012. Increasesin relative delivered
price are decreasing in 2020. Nearly all other industries will experience a smaller magnitude of
increase in relative delivered price.
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Table5
Impacts on Relative Cost of Production and Delivered Prices
(Relative to the U.S.)

Relative Cost of
Production Relative Delivered Price
Industry 2012 2020 2012 2020

Forestry, Fishing, Other 0.0006% 0.0005% | 0.0002% 0.0001%
Oil and Gas Extraction 0.0213% 0.0177% | 0.0068% 0.0056%
Utilities 0.0760% 0.0629% | 0.0598% 0.0495%
Construction 0.0006% 0.0007% | 0.0006% 0.0007%
Manufacturing 0.0015% 0.0013% | 0.0010% 0.0008%
Wholesale Trade 0.0009% 0.0007% | 0.0008% 0.0007%
Retail Trade 0.0008% 0.0006% | 0.0008% 0.0006%
Transportation and Warehousing 0.0036% 0.0031% | 0.0027% 0.0023%
Information 0.0008% 0.0006% | 0.0007% 0.0005%
Finance and Insurance 0.0009% 0.0007% | 0.0008% 0.0006%
Real Estate, Rental and Leasing 0.0019% 0.0012% | 0.0018% 0.0012%
Professiona and Technical Services 0.0011% 0.0008% | 0.0011% 0.0008%
Management Companies and Enterprises 0.0005% 0.0004% | 0.0005% 0.0004%
Administrative and Waste Services 0.0102% 0.0076% | 0.0103% 0.0077%
Educational Services 0.0041% 0.0034% | 0.0036% 0.0029%
Health Care and Socia Assistance 0.0014% 0.0011% | 0.0012% 0.0010%
Arts, Entertainment and Recreation 0.0025% 0.0020% | 0.0031% 0.0024%
Accommodation and Food Services 0.0020% 0.0016% | 0.0014% 0.0011%
Other Services (excluding Government) 0.0013% 0.0011% | 0.0013% 0.0010%

CEQA ALTERNATIVES

There are four CEQA alternatives associated with the proposed amendments to Rule 1110.2.
Alternative A is the No Project Alternative, which is the existing Rule 1110.2, and would
continue the existing emission limits.

Alternative B—Expansion of Low Use Exemption—would increase the low usage exemption for
non-biogas engines from the new emission limits to engines used less than 1,000 hours or
consuming less than 2,000 MMBtu of electricity annually, allow biogas engines a 1 hour
averaging time, and exempt lean-burn engines from installing CEMS. Increasing the low usage
exemption for non-biogas engines would result in having fewer CEMS, oxidation catalysts and
TWC installed, but would increase the number of AFRCs installed. Alternative B would
maintain the same source testing and 1&M requirements; and the same number of CO analyzers
for non-biogas engines and biogas cleanup systems, SCR, and oxidation catalysts for biogas
engines installed as the proposed amendments.

Alternative C—Compliance Improvement Only—would only require increased source testing
and 1&M, and the installation of AFRC, CO analyzers, and CEMS, compared to the proposed
amendments.
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Alternative D—Engine Electrification—would give biogas engines that are less than 10 years old
an additional two years to comply with the new emission limits, eliminate the low-use exemption
in the proposed amendments, reduce the new CO limit from 250 to 70 ppmvd (parts per million
per volume), and require mandatory electrification of selected engines that are evaluated to be
technically and economically feasible. It would reduce the installation of CEMS, CO analyzers,
AFRC, oxidation catalysts, and TWC because engines subject to mandatory electrification would
no longer have to install these types of equipment. However, the increased source testing and
&M requirement for all non-electrified engines and the installation of equipment for biogas
engines would remain the same as the proposed amendments for engines not subject to
electrification. There would be costs associated with mandatory electrification of engines,
including engine removal and replacement with an electric motor and increased electricity
charges. There would be savings resulting from no longer using natural gas or diesel fuel and
reduced maintenance labor cost.

Average annual compliance costs for the CEQA dternatives range from $11.4 to $29.5 million
between 2008 and 2020. Jobs forgone for the CEQA alternatives range from 89 jobs to 273 jobs.
CEQA Alternative D has the highest average annual cost and job impacts of all the CEQA
aternatives, with an average annual cost of $29.5 million and 273 jobs forgone between 2008
and 2020. Some of these additional job losses would be due to the decreased demand for engine
repair and maintenance services (NAICS 811) and for natural gas and diesdl fuels (NAICS 221)
from the mandatory electrification of engines.

Table 6
Cost and Job Impacts of CEQA Alternatives (in millions of dollars)
Alternative Average Annual (2008-2020)
Cost Cost-Effectiveness Jobs
$/ton

(NOx, VOC, CO)
Proposed Amendments $22.4 $5,651 -169
Alternative A—No Project 0.00 N/A N/A
Alternative B— Expansion of Low Use Exemption 204 $5,879 -148
Alternative C— Compliance Improvement Only 114 $3,503 -89
Alternative D—Engine Electrification $29.5 $5,348031 -273

RULE ADOPTION RELATIVE TO THE COST-EFFECTIVENESS
SCHEDULE

On October 14, 1994, the Governing Board adopted a resolution that requires staff to address
whether rules being proposed for adoption are considered in the order of cost-effectiveness. The
2007 Air Quality Management Plan (AQMP) ranked, in the order of cost-effectiveness, all of the
proposed control measures for which costs were quantified. It is generally recommended that the
most cost-effective actions be taken first. While Rule 1110.2 is not part of a quantified control
measure under the 2007 AQMP, it will achieve additional emission reductions required by the
2007 AQMP to meet more stringent federal ozone and particulate matter standards.
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INTRODUCTION

The California Legislature created the South Coast Air Quality Management District
(SCAQMD) in 1977' as the agency responsible for developing and enforcing air pollution
control rules and regulations in the South Coast Air Basin (Basin) and portions of the Salton Sea
Air Basin and Mojave Desert Air Basin referred to herein as the district. The 2007 AQMP
concluded that major reductions in emissions of particulate matter (PM), oxides of sulfur (SOx)
and oxides of nitrogen (NOx) are necessary to attain the state and national ambient air quality
standards for ozone, particulate matter with an aerodynamic diameter of 10 microns or less
(PM10) and particulate matter with an aerodynamic diameter of 2.5 microns or less (PM2.5).
More emphasis is placed on NOx and SOx emission reductions because they provide greater
ozone and PM emission reduction benefits than volatile organic compound (VOC) emission
reductions. VOC emission reductions, along with NOx emission reductions, continue to be
necessary, because emission reductions of both of these ozone precursors are necessary to meet
the ozone standards.

Existing Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled Internal Combustion
Engines, regulates NOx, carbon monoxide (CO), and volatile organic compound (VOC)
emissions from stationary and portable engines in the district producing more than 50 rated brake
horsepower (bhp). It was originally adopted in 1990 and amended in 2008 to implement, in part,
the 2007 AQMP Control Measure MCS-01 — Facility Modernization.

The currently proposed amendments would make effective certain limits already adopted and
analyzed in a California Environmental Quality Act (CEQA) document for the amendments to
Rule 1110.2 adopted in 2008, which established new exhaust emission concentration limits for
landfill and digester gas-fired engines to take effect July 1, 2012. These limits did not take effect
because they were contingent upon completion of a technology assessment by July 2010. Except
for CO, the emission standards would be equivalent to the current best available control
technology (BACT) for NOx and VOC for new internal combustion engines. Among the
engines affected by the 2008 amendments were approximately 55 engines that are fired by
landfill or digester gas (biogas), located at 13 public and private landfills and wastewater
treatment plants.

Subsequent to the 2008 amendments, Rule 1110.2 was last amended in 2010 to exempt public
safety communications engines located at remote sites. The currently proposed amendments
would have no effect on the provisions added to Rule 1110.2 in 2010, so this Addendum does
not need to consider the 2010 amendments to Rule 1110.2 further.

The adopting resolution for the 2008 amendments to Rule 1110.2 directed staff to conduct a
technology assessment before July 2010 to address the feasibility of achieving the July 1, 2012
compliance limits for biogas-fueled engines. However, the permit moratorium in 2009 caused a
delay in the startup of demonstration projects designed to test whether or not the final
compliance limits were feasible. Because of this delay, SCAQMD staff presented an Interim
Report on the Technology Assessment for Rule 1110.2 Biogas Engines to the Governing Board in
July 2010. The interim report pointed to two potential technologies that were being evaluated in
the continuing demonstration projects that were part of the technology demonstration. One
demonstration project has since been completed, but the other demonstration project’s startup

' The Lewis-Presley Air Quality Management Act, 1976 Cal. Stats., ch 324 (codified at Health & Safety Code,
§§40400-40540).
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has been affected by other unforeseen delays. Given the delays in completing the demonstration
projects at that time, the Interim Technology Assessment mentioned the possible necessity of an
adjustment to the July 1, 2012 effective date to allow additional time for the completion of the
technology assessment.

The proposed amendments would:

e Allow biogas facility operators/owners three and a half to six additional years to comply
with the emission limits that did not take effect. The new effective date would be January 1,
2016. Permit application fees would be refunded to biogas-fueled engines owner/operators
who establish to the satisfaction of the Executive Officer that they havecomplied with the
emission limits of Table III-B by January 1, 2015. Owners or operators of biogas-fired units
that operate under long term fixed price power purchage agreements that have been entered
into prior to February 1, 2008, and extend beyond January 1, 2016 may elect to defer
compliance by up to two additional years and no later than January 1, 2018 provided that
they submit an alternative compliance plan and pay a compliance flexibility fee. The
compliance flexibility fees associated with the alternative compliance plan would be applied
to SCAQMD NOx reduction programs pursuant to protocols approved under SCAQMD
rules.

e Provide a compliance option with a longer averaging time, provided that the engine operator
can demonstrate through continuous emission monitoring systems (CEMS) that emissions are
at least 9.9 ppmv for NOx and 225 ppmv for CO.

The proposed amendments are described in more detail in the “Project Description” section
below and in Appendix A to this Addendum.

SCAQMD staff has met with stakeholders and the affected community to discuss the feasibility
and cost effectiveness of the control technologies expected to be used to comply with the biogas-
fueled engine requirements of Rule 1110.2. SCAQMD staff has also met individually with most
affected facility operators to discuss site-specific issues relative to complying with the proposed
emission limits for biogas-fueled engines. These discussions are ongoing.

CALIFORNIA ENVIRONMENTAL QUALITY ACT

The proposed amendments to Rule 1110.2 are considered to be a "project" as defined by the
California Environmental Quality Act (CEQA). CEQA requires that the potential adverse
environmental impacts of proposed projects be evaluated and that feasible methods to reduce or
avoid significant adverse environmental impacts of these projects be identified. To fulfill the
purpose and intent of CEQA, the SCAQMD, as the CEQA Lead Agency for the proposed project
has prepared this Addendum to the 2007 Final Environmental Assessment for Proposed
Amended Rule 1110.2 - Emissions from Gaseous- and Liquid-Fueled Internal Combustion
Engines (SCAQMD No. 280307JK, December 2007) (2007 Final EA) adopted February 1, 2008,
which included an evaluation of environmental impacts from amending Rule 1110.2, cumulative
impacts, project alternatives, and all other applicable CEQA requirements.

Analysis of the proposed project indicated that an Addendum to the 2007 Final EA prepared
pursuant to CEQA Guidelines §15164 is the appropriate CEQA document for this project,
because SCAQMD staff has concluded that the proposed amendments only result in some
changes or additions to the 2007 Final EA that do not trigger the conditions described in CEQA
Guidelines §15162 calling for preparation of a subsequent EIR:
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1. No substantial changes are proposed in the project which required major revision of the
previous CEQA document due to the involvement of new significant environmental effects
or a substantial increase in the severity of previously identified significant effects; or

2. No substantial changes would occur with respect to the circumstances under which the
project is undertaken which will require major revisions of the previous CEQA document
due to the involvement of new significant environmental effects or a substantial increase in
the severity of previously identified significant effects; or

3. No new information of substantial importance, which was not known and could not have
been known with the exercise of reasonable diligence at the time the previous CEQA
document was certified as complete shows any of the following:

A. One or more significant effects not discussed in the previous CEQA document;

B. Significant effects previously examined with be substantially more severe than shown in
the previous CEQA document;

C. Mitigation measures or alternatives previously found not to be feasible would be in fact
feasible, and would substantially reduce one or more significant effects of the project, but
the project proponents decline to adopt the migration measure or alternative; or

D. Mitigation measures or alternatives which are considerably different from those analyzed
in the previous EIR would substantially reduce one or more significant effects on the
environment, but the project proponents decline to adopt the migration measure or
alternative.

Based on the analysis in this addendum, PAR 1110.2 would not generate new significant
environmental effects or a substantial increase in the severity of previously identified significant
effects. Since PAR 1110.2 would not generate new significant environmental effects or as
substantial increase in the severity of previously identified significant effects, no new mitigation
measures or alternatives have been proposed. No changes to existing mitigation measures or
alternatives are proposed. This conclusion is supported by substantial evidence provided as part
of the environmental analysis in this Addendum and other documents in the record.

Thus this Addendum, prepared pursuant to CEQA Guidelines §15164, focuses on the topic of air
quality and GHG emissions, specifically operational air quality impacts. Although the currently
proposed project would delay the final compliance limits for biogas engines, this proposal is not
considered a rule relaxation for the following reasons. The 2008 amendments to Rule 1110.2
included a provision that the emission limits for biogas-fueled engines would only become
effective provided that SCAQMD staff conducts a technology assessment and reports to the
Governing Board by July 2010. Because the technology assessment was not completed by July
2010, the emission limits for biogas engines are not considered to be in effect.

The analysis of these potential environmental impacts did not identify any significant adverse
environmental impacts, including operational air quality impacts, or make worse any previously
identified significant adverse impacts from the 2007 Final EA. Thus, an Addendum to the 2007
Final EA is considered to be the appropriate CEQA document for the proposed project. In
addition, pursuant to CEQA Guidelines §15252(a)(2)(B), no project alternatives or mitigation
measures are proposed. Prior to making a decision on the proposed amendments to Rule 1110.2,
the SCAQMD Governing Board must review this Addendum along with the 2007 Final EA.
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PROJECT LOCATION

The SCAQMD has jurisdiction over an area of 10,473 square miles (referred to hereafter as the
district), consisting of the four-county South Coast Air Basin and the Riverside County portions
of the Salton Sea Air Basin (SSAB) and the Mojave Desert Air Basin (MDAB). The Basin,
which is a subarea of the SCAQMD’s jurisdiction, is bounded by the Pacific Ocean to the west
and the San Gabriel, San Bernardino, and San Jacinto Mountains to the north and east. The
6,745 square-mile Basin includes all of Orange County and the nondesert portions of Los
Angeles, Riverside, and San Bernardino counties. The Riverside County portion of the SSAB
and MDAB is bounded by the San Jacinto Mountains in the west and spans eastward up to the
Palo Verde Valley. The federal nonattainment area (known as the Coachella Valley Planning
Area) is a subregion of both Riverside County and the SSAB and is bounded by the San Jacinto
Mountains to the west and the eastern boundary of the Coachella Valley to the east (Figure 1).
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Figure 1
Boundaries of the South Coast Air Quality Management District

PROJECT OBJECTIVES

One of the original project objectives of the 2008 amendments to Rule 1110.2 analyzed in the
2007 Final EA was to achieve NOx emission reductions from affected equipment through
imposing control requirements close to BACT in effect at that time, contingent upon a
technology assessment presented to the Governing Board in July 2010. A final technology
assessment was not available in July 2010, so the original project objective needs to be amended
to allow an additional time for biogas-fueled engines to comply with the final biogas-fueled
engine emission concentration limits in the existing rule that have been verified a final
technology assessment. PAR 1110.2 would continue to adhere to this objective, but allow
additional time for operators at facilities with biogas-fueled engines to comply with the proposed
biogas concentration limits. Further, the results of OCSD’s pilot study shows greater flexibility
in complying with the final NOx emission limits is necessary. To this end, to facilitate achieving
the above objective, PAR 1110.2 would provide greater flexibility in demonstrating compliance
with the final NOx emission limits by extending the compliance testing averaging time.
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PROJECT BACKGROUND - BIOGAS-FUELED ENGINES

Rule 1110.2 applies to stationary and portable reciprocating internal combustion engines (ICEs)
over 50 brake horsepower (bhp); therefore, Rule 1110.2 regulates biogas-fueled engines.
Biogas-fueled engines are engines that operate at landfills and wastewater treatment plants.
Biogas-fueled engines are lean-burn engines that operate similarly to lean-burn natural gas-fired
engines.

Biogas is generated from the breakdown of municipal solid waste at landfills. Biogas from
landfills is primarily composed of methane, carbon dioxide, and contaminants such as siloxane
and hydrogen sulfide (H2S). The gas is collected in a series of wells and transported by pipeline
to treatment facilities where it is filtered, dewatered, and compressed prior being combusted in
the landfill-gas fired engines. Depending on the volume and methane content of the landfill gas
collected, it can be used to fuel one or more biogas-fueled engines. If the methane content of the
landfill gas is relatively low or the volume collected is low, natural gas, may be used as a
supplemental fuel to increase the heat content of the digester gas.

Biogas is also generated at wastewater treatment facilities in digesters. A digester is a process
unit in which sewage is broken down by bacteria in a heated oxygen-free (anaerobic)
environment. A by-product of this process is biogas that contains methane, CO2, and small
amounts of H2S. The treatment of biogas may include removal of components including
hydrogen sulfide, water, carbon dioxide, trace organics, and particulates. This digester gas can
typically fuel one or more biogas-fueled engines. Natural gas may be used as a supplemental
fuel to increase the heat content of the landfill gas.

Biogas-fueled engines are typically used to produce electricity. Some owner/operators use the
biogas-generated electricity to provide power for their facility. Other owner/operators sell the
biogas-generated power to local electric utility providers. Wastewater treatment plants are
typically operated by public entities and utility providers, while the landfills are operated by
either public or private operators.

Approximately 66 biogas-fueled engines with SCAQMD permits were identified in the 2010
Interim Technology Assessment. Since that time, some biogas-fueled engines have been
removed from service, so the number of biogas-fueled engines remaining at the beginning of the
PAR 1110.2 development process has decreased to 55. These 55 engines are located at 22 public
and private landfills and wastewater treatment plants under the ownership of 13 operators. These
biogas-fueled engines are among the top NOx emitters among stationary, non-emergency
engines. As shown in Table 1, based on annual reporting data from 2010, 13 of the top 25 NOx
emitters are stationary, non-emergency engines at biogas facilities.
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Table 1
“Top 25” Facilities with Highest NOx Emissions from Stationary,
Non-Emergency Engines (Pounds per Year) in 2010

Facility 1D No. NOx ROG CO Fuel(s)
U.S. Govt, Dept Of Navy 800263 | 110,713 8,967 24,390 Diesel
U.S. Govt, Dept Of Navy 800263 80,714 9,701 26,387 Diesel
Exxonmobil Oil Corporation 800089 | 69,961 5,594 15,215 Diesel
Iﬁ?ll(sj"““tv Sanitation District-Puente 25070 | 52,796 | 18,068 | 284,104 | Landfill Gas
Orange County Sanitation District 29110 48,912 68,945 611,663 | Digester Gas
Orange County Sanitation District 17301 41,478 43,767 426,682 | Digester Gas
U.S. Govt, Dept Of Navy 800263 38,469 3,827 10,408 Diesel
Crimson Resource Management 142517 38,093 507 64,119 Ngtural Gas
(Rich-Burn)
Mm Lopez Energy Lic 104806 | 35,662 10,707 142,482 | Landfill Gas
Mm Prima Deshecha Energy, LL.C 117297 | 32,599 6,321 127,325 | Landfill Gas
Mm Prima Deshecha Energy, LL.C 117297 | 31,474 14,005 141,724 | Landfill Gas
Exxonmobil Oil Corporation 800089 | 28,192 2,254 6,131 Diesel
Mm Lopez Energy LLC 104806 | 28,189 11,753 110,606 | Landfill Gas
U.S. Govt, Dept Of Navy 800263 21,923 2,181 5,931 Diesel
Eop - 10960 Wilshire LLC 119133 | 20,083 | 267 33,805 | Natural Gas
(Rich-Burn)
Hollywood Park Land Company LLC 145829 | 19,792 1,583 4,304 Diesel
Samuel P Lewis Dba Chino Welding & 150351 | 19,542 260 32,894 Ngtural Gas
Assem (Rich-Burn)
Tovyon Landfill Gas Conversion LLC 142417 | 18,000 9,991 100,575 | Landfill Gas
. Natural Gas
Orange, County Of - Sheriff Dept, Fac Op | 72525 17,314 499 1,344 (Lean-Burn)
Brea Parent 2007, LL.C 113518 17,033 1,099 4,555 Landfill Gas
. . Natural Gas
Huntington Beach City, Water Dept 20231 15,370 205 25,871 (Rich-Burn)
Brea Parent 2007, LL.C 113518 15,346 784 3,140 Landfill Gas
Brea Parent 2007, LL.C 113518 | 14,181 1,052 4,958 Landfill Gas
Waste Mgmt Disp & Recy Servs Inc 50310 | 13,934 | 3,465 | 60,087 | Landfill Gas
(Bradley)
Waste Mgmt Disp & Recy Servs Inc 50310 | 13,839 | 3,823 | 67,514 | Landfill Gas
(Bradley)
Totals, pound per year 843,607 | 229,624 | 2,336,216
Totals, ton per year 422 115 1,168
Totals, ton per day 1.16 0.31 3.20
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PROJECT DESCRIPTION
The following is a summary of the proposed amendments to Rule 1110.2. A copy of PAR
1110.2 can be found in Appendix A.

Subdivision (a) - Purpose
No change.

Subdivision (b) - Applicability
No change.

Subdivision (c¢) - Definitions
The typo “by” is corrected to “be” in the useful heat recovered definition.

Subdivision (d) - Requirements

Requirement (d)(1)(B) would be clarified to read “The operator of any stationary engine not
covered by (d)(1)(A) and not exempt from this rule shall...”

Table III would be split into two tables. The concentration limits in Table III that became
effective when the 2008 amendments were adopted would become Table IIIA. The
concentrations in Table III labeled effective July 1, 2012 would become Table III-B. The
effective date for those concentration limits would be changed from July 1, 2012, to January
1, 2016.

Table III-A or B would be added to the existing Table II in the prohibition not to exceed
applicable emissions concentration limits in (d)(1)(B)(ii), so the phrase “notwithstanding the
provisions in subparagraph (d)(1)(B)” would be removed in (d)(1)(C).

The existing reference to Table III in (d)(1)(C) would be changed to Table III-A, since Table
III-A would be split into Table I1I-A and Table I1I-B.

“The concentration limits effective on and after July 1, 2012 shall become effective provided
the Executive Officer conducts a technology assessment that confirms that the limits are
achievable, and reports to the Governing Board by July 2010, at a regularly scheduled public
meeting,” would be removed from subparagraph (d)(1)(C).

Subparagraph (d)(1)(D) would be added that states that notwithstanding the provisions of
subparagraph (d)(1)(B), the operator of any stationary engine fired by landfill or digester gas
(biogas) shall not operate the engine in a manner that exceeds the emission concentration
limits in Table III.

Provision (d)(1)(E) would be added that states that biogas engines operators that have
established that they have complied with emissions limits of Table III-Bby January 1, 2015
would have their respective engine permit application fees refunded.

The provision in Subparagraph (d)(1)(C) that states that there shall be no limit on the
percentage of natural gas burned, once a engine complies with concentration limits effective
on and after July 1, 2012, would be deleted and replaced with provision (d)(1)(F), which
states once an engine complies with the concentration limits in Table III-B of the proposed
amended rule, there would be no limit on the percentage of natural gas burned.

The effective date of the rule provision that would exclude engines that operate less than 500
hours per year or use less than 1,000,000,000 Btus per year (higher heating value) of fuel on
or after July 1, 2012, would be deleted from (d)(1)(C) and replaced with a new subparagraph
(d)(1)(G) that states that the concentration limits in the Table III-B shall not apply to engines
that operate less than 500 hours per year or use less than 1,000,000,000 Btus per year (higher
heating value) of fuel.
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e An operator of a biogas engine would be allowed to determine compliance with the NOx
and/or CO limits of Table III-B by utilizing a longer averaging time as set forth in the
proposed rule, provided that the operator demonstrates through CEMS data that the engine is
achieving a concentration at or below 9.9 ppmv for NOx and 225 ppmv for CO (each
corrected to 15 percent oxygen) over a four month time period. The operator would be
allowed to use a monthly averaging time for the first four months of engine operation and up
to a 12 hour averaging time thereafter. Additional requirements pertaining to CEMS
monitoring related to this provision are included.

e Internal section references were updated to account for changes to section numbering caused
by the proposed amendments.

Subdivision (e) - Compliance
No change.

Subdivision (f) — Monitoring, Testing, Recordkeeping and Reporting

A clarification would be made to (f)(1)(D)(iii)(I) that states that a return to a more frequent
emission check schedule would not be required when making adjustments to the oxygen sensor
set points if the engine is in compliance with the applicable emission limits prior to and after the
set points adjustments, notwithstanding the requirements of (f)(1)(D)(iii)(IV).

Subdivision (g) — Test Methods
No change.

Subdivision (h) — Alternative Compliance Option

e In lieu of complying with the applicable emissions limits by the effective dates specified in
Table III-B, owners/operators of affected biogas-fired units that operate under long term
fixed price power purchase agreements that have been entered into prior to February 1, 2008
and extend beyond January 1, 2016 may elect to defer compliance by up to two years and no
later than January 1, 2018, provided the owners/operators submit an alternative compliance
plan and pay a compliance flexibility fee to the Executive Officer at least 150 days prior to
the applicable compliance date in Table III-B, and maintains an on-site copy of verification
of the compliance flexibility fee payment and SCAQMD approval of the alternative
compliance plan available upon request to SCAQMD staff.

e The alternative compliance plan would be required to include a completed SCAQMD Form
400A; attached documentation of unit permit ID, unit rated brake horsepower, and fee
calculation; filing fee payment; and compliance flexibility fee payment. The SCAQMD
Form 400 A would need to identify that the request is for a compliance plan and
identification that the request is for the Rule 1110.2 Compliance Flexibility Fee option.

e The compliance flexibility fees associated with the alternative compliance plan would be
applied to SCAQMD NOx reduction programs pursuant to protocols approved under
SCAQMD rules.

Subdivision (i) - Exemptions
Exemption (i)(10) would be clarified to include engine shutdown periods, as well as, engine start
up periods.
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CONTROL TECHNOLOGIES

Pre-combustion Biogas Cleanup Technologies

Biogas, whether coming from a wastewater treatment plant digester or from a landfill, has many
impurities, including but not limited to sulfur-containing compounds and siloxane, that require
treatment (filtered, dewatered, and compressed) before combustion. If left untreated, raw biogas
can damage engine components that may result in more maintenance and ultimately, over time,
reduce the useful life of the engine. For example, siloxane can crystallize as silicon dioxide in
the combustion stage and become deposited in fuel lines and engine parts. As a result, more
frequent major maintenance on engines may be required to clean deposits from untreated biogas
within the engine. Failure to perform this maintenance may result in catastrophic failure of an
engine. The pretreatment of biogas is even more critical for catalyst-based after-treatment
technologies for engines. If left untreated, impurities such as siloxane may result in the rapid
poisoning of the catalyst downstream of the engine. Poisoning of catalysts is defined as the
deposition of silica on the active sites of the catalyst which reduces the efficiency of the catalyst.

As described in the Interim Technology Assessment, there are two types of siloxane removal
systems, regenerative and non-regenerative. Regenerative siloxane removal systems do not
require constant removal of the sorbent material from its vessel. It is regenerated using a heated
purge gas. Typically there are two vessels, so one can be regenerated, while the second vessel
continues to clean siloxane. The Ox Mountain Landfill has the only regenerative siloxane
removal system in use for the protection of a post-combustion catalyst. Ox Mountain Landfill is
located at Half Moon Bay, California, which is within the Bay Area Air Quality Management
District’s (BAAQMD) jurisdiction. The landfill gas to energy site (operated by Ameresco) has
six GE-Jenbacher engines, each rated at 2,677 brake horsepower that are fired on landfill gas.
All six engines have been retrofitted with oxidation catalysts, while one of the engines also has
an SCR system. A temperature swing adsorption (TSA) regenerative siloxane removal system
manufactured by GE-Jenbacher is used. Two adsorption beds of regenerative activated carbon
are alternatively regenerated by using heat. The gas cleanup and oxidation catalyst/SCR systems
were commissioned in 2009 and have shown to be very effective in the removal of siloxane from
the landfill gas. Performance data shows that the system is removing between 95 and 99 percent
of inlet siloxane.

Non-regenerative siloxane removal systems require periodic replacement of the adsorbent
material (activated carbon or silica gel) once it is spent. Two beds of adsorbent are used, so one
can be recharged with fresh adsorbent while the other removes siloxane. These systems are sized
to handle site-specific siloxane loads. Greater amounts of adsorbent are required for biogas
streams with higher levels of siloxane. The amount of adsorbent must be able to handle
intermittent spikes in the biogas stream.

Control Technology for Internal Combustion Engines Analyzed in the 2007 Final EA
Potential impacts from using the following types of internal combustion engine control
technologies were comprehensively analyzed in the 2007 Final EA previously certified by the
SCAQMD Governing Board. As a result, even though operators of biogas-fueled engines
affected by PAR 1110.2 may ultimately install these types of control technologies to comply
with the emission reduction requirements, no further analysis of potential secondary impacts that
may be generated by these control technologies is required. The following information is
included for completeness only.
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Catalytic Oxidation/Selective Catalytic Reduction

Proven and effective technologies for CO, VOC, and NOx control among natural gas fueled
lean-burn engines include catalytic oxidation with selective catalytic reduction. If the raw biogas
is cleaned sufficiently and effectively, there is little danger of fouling any post combustion
catalyst by siloxane deposition.

Catalytic oxidation removes CO and VOC by chemical reactions facilitated by the catalyst.
Oxidation catalysts contain precious metals that assist CO and VOC to react with oxygen to
produce CO; and water vapor. Catalytic oxidation can reduce CO and VOC emissions by greater
than 90 percent.

SCR can be used with lean-burn engines since the higher oxygen concentrations in the exhaust
preclude the use of less costly nonselective catalytic reduction (NSCR). SCR requires the
injection of a reducing agent, typically urea or ammonia, to react with the NOx in the engine’s
flue gas, producing water vapor and nitrogen gas as the end products. The SCR catalyst
promotes the reaction of urea or ammonia with NOx and oxygen, and is a very effective NOx
control technology.

NOxTech

NOxTech is another post combustion control technology, which does not require a catalyst, does
not require gas cleanup, and is capable of achieving multi-pollutant control of NOx, VOC, and
CO emissions. Engine exhaust gases enter the unit where the temperature is raised by a heat
exchanger. The gases then enter a reaction chamber where a small amount of the engine’s fuel is
added to raise the gas temperature to between 1400 and 1500 degrees Fahrenheit. At this
temperature the NOx reduction in the reaction chamber can occur using urea injection, while CO
and VOC emissions are simultaneously incinerated. The system is designed to handle biogas
that is of a lower Btu content than higher Btu content natural gas.

Biogas-fueled Engines — Replacement Technologies

The cost of compliance (CEMS, 1&M, add-on control technology, etc.) may make it less costly
to remove the existing biogas-fueled ICEs and replace them with other technologies. These
technologies include boilers, gas turbines, microturbines, fuel cells and biogas-to-LNG systems.
Replacing ICEs with the technologies described below means they would no longer be subject to
the requirements of PAR 1110.2, but may be subject to other source-specific rules or regulations
such as Regulation XIII — New Source Review.

Potential impacts from replacing biogas-fueled engines with the following replacement
technologies were comprehensively analyzed in the 2007 Final EA previously certified by the
SCAQMD Governing Board. As a result, even though operators of biogas-fueled engines
affected by PAR 1110.2 may ultimately install these types of replacement technologies to
comply with the emission reduction requirements, no further analysis of potential secondary
impacts that may be generated by these control technologies is required. The following
information is included for completeness only.

Fuel Cells
Fuel cells are an emerging technology capable of producing power with very low pollutant
emissions without the utilization of combustion. Fuel cells can produce electricity much more
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efficiently than combustion-based engines and turbines. A fuel cell uses a molten carbonate cell
or other media to create an electrochemical reaction with the inlet biogas at the anode and
oxygen from air at the cathode. Hydrogen is created in a reforming process at the anode, while
carbonate ions are created at the cathode. The hydrogen gas reacts with the carbonate ions to
produce water and electrons. These electrons flow through an external circuit that produces the
electricity for the power plant.

The electrochemical reactions are produced in individual molten carbonate electrolyte stacks.
The stacks are modular in design, so the total power production capacity of the generating plant
can be tailored to accommodate several fuel cell stacks to meet the desired power output. The
heat generated by the fuel cells can also be recovered and used to provide process heat. For
instance, the recovered heat can be used to supply heat to a wastewater treatment plant’s
anaerobic digesters. The fuel cell stacks, however, are sensitive to impurities, so a biogas
cleanup system is critical to maintain the performance of the fuel cell stacks. Siloxane can foul a
fuel cell.

There are many fuel cell installations that run on natural gas, and there are also several in
California that operate on biogas.

Flex Energy
Flex Energy is a system that combines microturbine technology with that of regenerative thermal

oxidation to produce power with an ultra low emissions profile and without the necessity of
biogas cleanup. The system is capable of taking low Btu content biogas that would be otherwise
incombustible by any engine or turbine and diluting it before introducing it to the thermal
oxidizer that raises the temperature to destroy VOC and CO. The thermal oxidizer’s temperature
is also not raised high enough to facilitate the formation of thermal NOx. This process results in
the consumption of methane gas without the pollutants from traditional combustion.

A typical internal combustion engine that runs on landfill gas will not operate efficiently if the
methane content of the biogas drops below 35 to 40 percent. Landfills that produce gas with a
methane content lower than what an engine typically needs to operate, will typically combust the
gas with a flare. An advantage of the Flex Energy system is that it is capable of handling biogas
with a methane content equivalent to and below a typical engine’s range of consumption. An
open landfill will often produce biogas with a constant amount of methane, roughly 50 percent.
The other 50 percent of landfill biogas is typically CO,. However, once a landfill ceases to
accept municipal solid waste, the amount of biogas produced by the landfill will gradually begin
to decay and the methane content will decline. A Flex Energy system can consume landfill gas
well after a landfill closes at a lower methane content compared to other types of engines.

Another advantage with this type of system is that it does not require a fuel cleanup system for
siloxane and other impurities. Like the fuel cells, these systems can be modularly applied, based
on the inlet characteristics of the biogas and desired power output.

Other Combustion Technologies Analyzed in the 2007 Final EA

Potential impacts from replacing biogas-fueled engines with the following types of combustion
technologies were comprehensively analyzed in the 2007 Final EA previously certified by the
SCAQMD Governing Board. As a result, even though operators of biogas-fueled engines
affected by PAR 1110.2 may ultimately install these other types of technologies to comply with
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the emission reduction requirements, no further analysis of potential secondary impacts that may
be generated by these control technologies is required. The following information is included for
completeness only.

Traditional gas turbines, microturbines and boilers fall under this category and typically have
lower emission profiles overall than biogas-fueled engines. Several landfills in the Basin
currently employ the use of gas turbines for combustion of the biogas and also require extensive
gas cleanup to protect the turbine blades from siloxane buildup. For example, the Calabasas
Landfill operated by Los Angeles County Sanitation District and the Brea-Olinda Landfill
currently use gas turbine technology with gas cleanup for handling landfill produced biogas.
Traditional boilers can also process biogas and currently are being used by both landfills and
wastewater treatment plants across the basin. For example, if a facility that operates both
engines an